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Chapter 1, Solution 1 

(a) q = 6.482x10 17 x [-1.602x10' 19 C] = -103.84 mC 

(b) q = 1. 24x10 18 x [-1.602x10 19 C] = -198.65 mC 

(c) q = 2.46x10 19 x [-1.602x10 19 C] = -3.941 C 

(d) q = 1.628x10 20 x [-1.602x10' 19 C] = -26.08 C 



Chapter 1, Solution 2 


(a) i = dq/dt = 3 mA 

(b) i = dq/dt = (16t + 4) A 

(c) i = dq/dt = (-3e _t + 10e' 2t ) nA 

(d) i=dq/dt = 1200k cos 120nt pA 

(e) i =dq/dt = — e 4r (HO cos50 1 + I (XX) sin50 1 ) uA 



Chapter 1, Solution 3 


(a) q(t) = J i(t)dt + q(0) = (3t + 1) C 

(b) q(t) = | (2t + s) dt + q(v) = (t 2 + 5t) mC 

(c) q(t) = j20cos (I0t + ;z76) + q(0) = (2sin(10í + ;z76) + l)//C 

10e" 30t 

q(t) = í 10e 30t sin 40t + q(0) =-(-30 sin 40t - 40 cos 

(d) J 900 + 1600 

= - e 30t (0.16cos40 t + 0.12 sin 40t) C 



Chapter 1, Solution 4 

q = it =7.4x20 = 148 C 



Chapter 1, Solution 5 


q = 



10 

o 


= 25 C 



Chapter 1, Solution 6 


, N 4 , . dq 30 , 

(a) At t = lms, i = — = — = 15 A 

dt 2 

(b) At t = 6ms, i = — = 0 A 

dt 

, Á , ^ . dq - 30 „ _ 4 

(c) At t = 10ms, i = — =-= -7.5 A 

dt 4 



Chapter 1, Solution 7 



25 A, 

0 < t < 2 

-25 A, 

2 < t < 6 

25 A, 

6 < t < 8 


which is sketched below: 




Chapter 1, Solution 8 


q = 



^-Ul0xl = 15pC 



Chapter 1, Solution 9 

(a) q = Jidt = J lOdt = 10 C 

q = í idt = 10 x 1+ 10 — ——- +5x1 

(b) Jo { 2 ) 

= 15 + 7.5 + 5 = 22.5C 

(c) q= [ 5 idt = 10 +10 + 10 = 30Ç 

*0 



Chapter 1, Solution 10 


q = it = 10x10 3 x15x10' 6 = 150 mC 



Chapter 1, Solution 11 


q= it = 90 xlO' 3 x 12 x 60 x 60 = 3.888 kC 
E = pt = ivt = qv = 3888 xl.5 = 5.832 kj 



Chapter 1, Solution 12 

For 0 < t < 6s, assuming q(0) = 0, 

t t 

q(t) = j" idt + q(0) =j3tdt+0 = 1.51~ 

o o 

At t=6, q(6) = 1.5(6) 2 = 54 
For 6 < t < 10s, 

t t 

q(t) = | idt + q(6 ) =| 18dt + 54 = 18t - 54 

6 6 

At t=10, q(10)= 180-54= 126 
For 10<t<15s, 

t t 

q(t ) = J idt + q(lO) = J (- 12)dt +126 = -12t + 246 
10 10 

At t=15, q(15) = -12x15 + 246 = 66 
For 15<t<20s, 

t 

q(t) = | Odt + q(15 ) -66 

15 

Thus, 

1.5t 2 C, 0 < t < 6s 
18t-54 C, 6 < t < 10s 
-12t +246 C, 10 < t < 15s 
66 C, 15 < t < 20s 

The plot of the charge is shown below. 
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Chapter 1, Solution 13 


(a) i = [dg/dt] = 207icos(47it) mA 
p = vi = 607icos 2 (47it) mW 
At t=0.3s, 

p = vi = 607icos 2 (47i0.3) mW = 123.37 mW 

, -Ct -C» 


(b) 


= 60/r ji CQS l {*Kt)dt = 30tf i [1 + C06(8írí)]df 
W = ■* -■ -a 

W= 307i[0.6+(l/(87i))[sin(87i0.6)-sin(0)]] = 58.76 mj 


Chapter 1, Solution 14 

(a) q = Jidt = £0.02(l - e'°' 5t )dt = 0.02(t + 2e 05t = 0.02(l + 2e 05 - 2 )= 4.261 mC 

(b) p(t) = v(t)i(t) 

p(l) = 10cos(2)x0.02(l-^ 0 - 5 ) = (-4.161)(0.007869) 

= -32.74 mW 



Chapter 1, Solution 15 


f* 1 C~ r\ r\ r\ s 2t i 0.006 9t 

q = hdt = 0.006e " dt =-e 

(a) 4 J J° 2 

= -0.003(e 4 -l)= 

2.945 mC 

(b) v = — = -0.012e' 2t (10) = -0.12e 2t V this leads to p(t) = v(t)i(t) = 

dt 

(-0.12e' 2t )(0.006e 2t ) = -720e"“ pW 

3 

(c) w = J" pdt = -0.72j* 3 e 4t dt = ————e 4t 10 ^ = -180pJ 

0 4 n 



Chapter 1, Solution 16 


(a) 


; 30í mA, 0 < t <2 
|l20-30t mA, 2 < t<4 


Í5 V, 0 < t <2 
[-5 V, 2<t<4 


P(t) = 


j 150í mW, 0 < t <2 
[-600+150t mW, 2 < t<4 


which is sketched below. 



(b) From the graph of p, 

4 

W = J pdt 


0 J 



Chapter 1, Solution 17 


2 p = 0 —» -205 + 60 + 45 + 30 + p3 = 0 


p 3 = 205 - 135 = 70 W 
Thus element 3 receives 70 W. 



Chapter 1, Solution 18 


pi = 30(-10) = -300 W 
p 2 = 10(10) = 100 W 
p 3 = 20(14) = 280 W 
p 4 = 8 (-4) = -32 W 
p 5 = 12(-4) = -48 W 



Chapter 1, Solution 19 


I = 8 -2 = 6 A 

Calculating the power absorbed by each element means we need to find vi for 
each element. 


P 8 amp source — -8x9 = -72 W 
P element with 9 volts across it — 2x9 — 18 W 
P element with 3 bolts across it = 3x6 = 18 W 
P 6 volt source = 6x6 = 36 W 


One check we can use is that the sum of the power absorbed must equal zero 
which is what it does. 



Chapter 1, Solution 20 


p30 volt source — 30x(-6) = -180 W 
P12 volt element = 12x6 = 72 W 
p28 volt e.ement with 2 amps flowing through it = 28x2 = 56 W 
P 28 volt element with 1 amp flowing through it = 28x1 = 28 W 
pthe 51o dependent source = 5x2x(-3) = -30 W 


Since the total power absorbed by all the elements in the circuit must equal zero, 

Or 0 — —180+72+56+28—30+Pinto the element with Vo OF 


pinto the element with Vo — ■ 180-72-56-28+30 = 54 W 


Since Pinto the element with Vo — V 0 x3 = 54 W or V 0 = 18 V. 



Chapter 1, Solution 21 


p = vi 


; = '=*“ = 0.5 A 
v 120 


q = it =0.5x24x60x60= 43.2 kC 
/V, = < 7 x 6 .24x10 18 = 2.696xl0 23 electrons 



Chapter 1, Solution 22 


q = it = 40xl0 3 xl.7xl0 3 = 68 C 



Chapter 1, Solution 23 

W = pt = 1.8x( 15/60) x30 kWh = 13.5kWh 
C = lOcents xl3.5 = $1.35 



Chapter 1, Solution 24 


W = pt = 60 x24 Wh = 0.96 kWh = 1.44 kWh 

C = 8.2 centsx0.96 = 11.808 cents 



Chapter 1, Solution 25 


Cost = 1.5kW x 


3.5 

— hrx30x8.2cents/kWh = 21.52 cents 
60 



Chapter 1, Solution 26 


(a) 


i = 


0.8A -h 
lÕh 


= 80 mA 


(b) p = vi = 6 x 0.08 = 0.48 W 

(c) w = pt = 0.48 x 10 Wh = 0.0048 kWh 



Chapter 1, Solution 27 


(a) LetT = 4h =4x3600 

q=Jidt = J o T 3dt =3T = 3x4x3600 = 43.2 kC 


(b) W = Jpdt = Jvidt = £(3) 


10 + 


0.5t 

3600 


dt 


= 3 10í+ 


0.25í 


2 3 


3600 


4x3600 


= 3[40x 3600+ 0.25x16: 


= 475.2 kJ 


(c) 


W = 475.2 kWs, (J = Ws) 

475 2 

Cost =-kWh x 9 cent = 1.188 cents 

3600 - 



Chapter 1, Solution 28 


(a) 



60 

120 


= 500 ni A 

(b) W = pt = 60x365x24 Wh = 525.6 kWh 
Cosí = $0.095x525.6 

= $49.93 



Chapter 1, Solution 29 


1 ^120 + 40 + 15 + 45)^ / 30 

w = pí = 1.2kW-----hr +1.8 kW[ 


60 


V 60. 


= 2.4+ 0.9 = 3.3 kWh 


Cost = 12 cents x 3.3 = 39.6 cents 


hr 



Chapter 1, Solution 30 

Monthly charge = $6 

First 250 kWh @ $0.02/kWh = $5 

Remaining 2,436-250 kWh = 2,186 kWh @ $0.07/kWh= $153.02 

Total =$164.02 



Chapter 1, Solution 31 


Total energy consumed = 365(120x4 + 60x8) W 
Cost = $0.12x365x960/1000 = $42.05 



Chapter 1, Solution 32 


i = 20 pA 


q = 15 C 

t = q/i = 15/(20x10' 6 ) = 750xl0 3 hrs 



Chapter 1, Solution 33 



Chapter 1, Solution 34 


(a) Energy = ^pt = 200 x 6 + 800 x 2 + 200 x 10 + 1200 x 4 + 200 x 2 

= 10 kWh 

(b) Average power = 10,000/24 = 416.7 W 



Chapter 1, Solution 35 


energy = (5x5 + 4x5 + 3x5 + 8x5 + 4xl0)/60 = 2.333 MWhr 



Chapter 1, Solution 36 


(a) 

(b) 


160A • h . 

i =-= 4 A 

40 - 

_ I 6 OAI 1 _ 160,000h 

“ 0.001 A “ 24h / day 


6,667 days 



Chapter 1, Solution 37 


W = pt = vit = 12x 40x 60x60 = 1.728 MJ 



Chapter 1, Solution 38 

p = 10 hp = 7460 W 

W = pt = 7460 x 30 x 60 J = 13.43 x 10 6 J 



Chapter 1, Solution 39 


W = pt = 600x4 = 2.4 kWh 
C = lOcents x2.4 = 24 cents 



Chapter 2, Solution 1. Design a problem, complete with a solution, to help students to 
better understand Ohm’s Law. Use at least two resistors and one voltage source. Hint, 
you could use both resistors at once or one at a time, it is up to you. Be Creative. 

Although there is no correct way to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

The voltage across a 5-kO resistor is 16 V. Find the current through the resistor. 

Solution 

v = iR i = v/R = (16/5) mA = 3.2 mA 



Chapter 2, Solution 2 

p = v 2 /R —> R = v 2 /p = 14400/60 = 240 ohms 



Chapter 2, Solution 3 


For Silicon, p = 6Ax\Qr Q-m. A = nr . Hence, 

„ pL pL 2 pL 6.4xl0 2 x4xí0 2 

R='— = 4— -> r = — = - 

A nr~ nR nx 240 

r = 184.3 mm 


= 0.033953 



Chapter 2, Solution 4 

(a) i = 40/100 = 400 mA 

(b) i = 40/250 = 160 mA 



Chapter 2, Solution 5 



Chapter 2, Solution 6 



Chapter 2, Solution 7 


6 branches and 4 nodes 



Chapter 2, Solution 8. Design a problem, complete with a solution, to help other students 
to better understand Kirchhoff s Current Law. Design the problem by specifying values 
of i a , ib, and i c , shown in Fig. 2.72, and asking them to solve for values of ii, Í 2 , and Í 3 . 
Be careful specify realistic currents. 

Although there is no correct way to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Use KCL to obtain currents i\_ D, and 13 in the circuit shown in Fig. 2.72. 

Solution 


8 A 


At node a, 

8 = 12 + ij —► 

i, = - 4A 

At node c, 

9 = 8 + Í 2 —► 

b = IA 

At node d, 

9 = 12 + i 3 —► 

U = -3A 




Chapter 2, Solution 9 

At A, 1+6-ii = 0 or ii = 1+6 = 7 A 

At B, -6+Í2+7 = 0 or Í 2 = 6-7 = -1 A 

At C, 2+Í3-7 = 0 or i 3 = 7-2 = 5 A 



Chapter 2, Solution 10 


2 



At node 1, —8—ii—6 = 0 or ii = -8-6 = -14 A 

At node 2, —(—8)+i i +Í 2 —4 = 0 or Í 2 = —8—ii +4 = -8+14+4 = 10 A 



Chapter 2, Solution 11 

-Vi+1 + 5 = 0 -> 

-5 + 2 + V 2 = 0 -> 


/, = 6 V 
V 2 =3V 



For loop 1, 
For loop 2, 


-40 -50 +20 + vi = 0 or vi = 40+50-20 = 70 V 
-20 +30 —v 2 = 0 or v 2 = 30-20 = 10 V 


For loop 3, —vi +v 2 +V 3 = 0 or V 3 = 70-10 = 60 V 






Chapter 2, Solution 13 


2A 

-► 



At node 2, 

3+7 + I 2 =0 -> I 2 = -10 A 

At node 1, 

I, +1 2 =2 -» Ij = 2 - 1 2 = 12. 

At node 4, 

2 = I 4 + 4 -» I 4 =2-4 = -2A 

At node 3, 

7 + I 4 = I 3 -> I 3 =7-2 = 5A 

Hence, 


m 












Chapter 2, Solution 15 


Calculate v and i x in the circuit of Fig. 2.79. 


12 Q + 16 V- 



Figure 2.79 
For Prob. 2.15. 


Solution 


Forloop 1, -10 + v +4 = 0, v = 6V 

For loop 2, -4 + 16 + 3i x =0, i x = -4 A 




Chapter 2, Solution 16 


Determine V 0 in the circuit in Fig. 2.80. 

16 Q 14 Q 



Figure 2.80 
For Prob. 2.16. 


Solution 


Apply KVL, 

-10 + (16+14)1 + 25 = 0 or 301 = 10-25 = - or I = -15/30 = -500 mA 

Also, 

-10 + 161 + V 0 = 0 or V 0 = 10- 16(-0.5) = 10+8 = 18 V 



Chapter 2, Solution 17 

Applying KVL around the entire outside loop we get, 

-24 + vi + 10 + 12 = 0 or vi = 2V 

Applying KVL around the loop containing V 2 , the 10-volt source, and the 
12 -volt source we get, 

V 2 + 10 + 12 = 0 or V 2 = -22V 

Applying KVL around the loop containing V 3 and the 10-volt source we 
get, 

—v 3 + 10 = 0 or V3 = 10V 



Chapter 2, Solution 18 


Applying KVL, 

-30-10+8 +1(3+5) = 0 
81 = 32 —► I =JA 

-V ab + 51 + 8 = 0 —► V ab 


28V 



Chapter 2, Solution 19 


Applying KVL around the loop, we obtain 

-(-8) - 12 + 10 + 3i = 0 — ► i = -2A 
Power dissipated by the resistor: 

P 3n = í 2r = 4 (3) = Í2W 
Power supplied by the sources: 
p 12v = 12 ((-2)) = -24W 
p,ov = 10 (-(-2)) = 20W 
psv = (-8)(-2) = 16W 



Chapter 2, Solution 20 


Determine i () in the circuit of Fig. 2.84. 



5 i 0 


Figure 2.84 
For Prob. 2.20 

Solution 

Applying KVL around the loop, 

-54 + 22 i 0 + 5 i 0 = 0—► i 0 = 4A 




Chapter 2, Solution 21 

Applying KVL, 

-15 +(l+5+2)I +2 V x =0 
But V x = 51, 

-15+81+101=0, 1 = 5/6 

V x = 51 = 25/6 = 4.167 V 



Chapter 2, Solution 22 


Find Vo in the circuit in Fig. 2.86 and the power absorbed by the dependent 
source. 



Figure 2.86 
For Prob. 2.22 

Solution 

At the node, KCL requires that [-V o /10]+[-25]+[-2V o ] = 0 or 2.1 V 0 = -25 

or V 0 = -11.905 V 

The current through the controlled source is i = 2Vo = -23.81 A 

and the voltage across it is V i = (10+10) io (where io = -Vo/10) = 20(11.905/10) 

= 23.81 V. 

Hence, 

Pdependent source = Vi(-Í) = 23.8 lx(-(-23.8 1)) = 566.9 W 

Checking, (25-23.81 ) 2 ( 10+10) + (23.81)(-25) + 566.9 = 28.322 - 595.2 + 566.9 
= 0.022 which is equal zero since we are using four places of accuracy! 



Chapter 2, Solution 23 


8//12 = 4.8, 3//6 = 2, (4 + 2)//(1.2 + 4.8) = 6//6 = 3 
The circuit is reduced to that shown below. 


i x 1Q 



Applying current division, 


i x = [2/(2+l+3)]20 = 6.667 and v x = 1x6.667 = 6.667 V 

i r = (6 A) = 2 A, v r =li r =2V 

2+1+3 — 

The current through the 1.2-Q resistor is 0.5i x = 3.333 A. The voltage across the 
12-Q resistor is 3.333 x 4.8 = 16V. Hence the power absorbed by the 12-ohm 
resistor is equal to 

(16) 2 /12 = 21.33 W 



Chapter 2, Solution 24 


(a) 


Io 


Yi 

R\ + R 2 


V 0 =-a\o(R 3 \\R 4 ) 


gv s R3 R 4 

R 1 + R 2 R 3 + R 4 


Yo = -aR s R A 
Vs {r 1 + r 2 \r 3 + r 4 ) 


(b) IfRi =R 2 = R 3 = R 4 = R, 


V 0 _ a R 
V s ~~ 2R 2 


- = 10 —► a = 40 
4 



Chapter 2, Solution 25 


Vo = 5 x 10' 3 x 10 x 10 3 = 50V 
Using current di vision, 

I, 0 = —-—(0.01x50) = 0.1 A 
" 5 + 20 

V 20 = 20 x 0. 1 kV = 2 kV 
P20 = I20 V20 = 0.2 kW 



Chapter 2, Problem 26. 

For the circuit in Fig. 2.90, i„ = 3 A. Calculate i x and the total power absorbed by 
the entire circuit. 


10 Q 

-AAAr 





16 Q 


Figure 2.90 
For Prob. 2.26. 

Solution 

If ii6= io = 3A, then v = 16x3 = 48 V and is = 48/8 = 6A; u = 48/4 = 12A; and 
i 2 = 48/2 = 24A. 

Thus, 

ix — i s + Í 4 + Í 2 + i 16 = 6 + 12 + 24 + 3 — 45 A 
p = (45) 2 10 + (6) 2 8 + (12) 2 4 + (24) 2 2 + (3) 2 16 = 20,250 + 288 + 576 +1152 + 144 


= 20250 + 2106 = 22.356 kW. 



Chapter 2, Problem 27. 


Calculate /„ in the circuit of Fig. 2.91. 

8 Q 



Figure 2.91 
For Prob. 2.27. 

Solution 

The 3-ohm resistor is in parallel with the c-ohm resistor and can be replaced by a 
[(3x6)/(3+6)] = 2-ohm resistor. Therefore, 

I 0 = 10/(8+2) = 1 A. 




Chapter 2, Solution 28 Design a problem, using Fig. 2.92, to help other students better 
understand series and parallel circuits. 

Although there is no correct way to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Find vi, v 2 , and V 3 in the circuit in Fig. 2.92. 





Solution 

We first combine the two resistors in parallel 
15||10= 6 Q 

We now apply voltage division, 

vi =-^-(40) = 28V 
14 + 6 

v 2 = v 3 = —-—(40) = 12 V 
14 + 6 


Hence, 


vj =28 V, v 2 = 12 V,v s = 12V 














Chapter 2, Solution 29 


All resistors in Fig. 2.93 are 5 Q each. Find R eq . 



Figure 2.93 
For Prob. 2.29. 


Solution 


R eq = 5 + 5ll[5+5ll(5+5)] = 5 + 511 [5+(5x 10/(5+10))] = 5+511(5+3.333) = 5 + 
41.66/13.333 

= 8.125 0 



Chapter 2, Problem 30. 


Find R eq for the circuit in Fig. 2.94. 



Figure 2.94 
For Prob. 2.30. 

Solution 

We start by combining the 180-ohm resistor with the 60-ohm resistor which in 
turn is in parallel with the 60-ohm resistor or = [60(180+60)/(60+180+60)] = 48. 


R eq = 25+48 = 73 O. 


Thus, 



Chapter 2, Solution 31 


R = 3 + 2//4//1 = 3 +---= 3.5714 

? 1/2 + 1/4 + 1 

U =200/3.5714 = 56 A 

Vi = 0.5714xii = 32 V and i 2 = 32/4 = 8 A 

i 4 = 32/1 = 32 A; i 5 = 32/2 = 16 A; and i 3 = 32+16 = 48 A 



Chapter 2, Solution 32 


Find i\ through 14 in the circuit in Fig. 2.96. 


60 Q U i 2 200 Q 



Figure 2.96 
For Prob. 2.32. 


Solution 


We first combine resistors in parallel. 


40 60 = 


40x60 

100 


24 Q and 50 200 = 


50x200 

250 


40 Í2 


Using current di vision principie, 

24 

i. + i 2 =-(—16) = — 6 A,i, + i, 

1 2 24 + 40 3 4 


—(-16) = -10A 
64 


200 . „ . .. . 50 . „ . _ , 

1 . =-(6) = -4.8 A and i, =-(-6) = -1.2 A 

250 250 


L = — (-10) = -6 A and i, = — (-10) = -4 A 
3 100 4 100 



Chapter 2, Solution 33 


Combining the conductance leads to the equivalent circuit below 

i 4S i 



Using current di vision, 


i = —(9) = 6 A, v = 3(1) = 3 V 

1 + - 
2 



Chapter 2, Solution 34 


160//(60 + 80 + 20)= 80 Q, 

160//(28+80 + 52) = 80 Q 

R eq = 20+80 = 100 O 

I = 200/100 = 2 A or p = VI = 200x2 = 400 W. 



Chapter 2, Solution 35 



Combining the resistors that are in parallel, 


70||30 = 


70x30 

100 


= 21Q 


20 5 = 


20x5 

25 


=4 0 


1= -= 8 A 

21 + 4 

vi =21i= 168 V, v 0 = 4i = 32 V 

ii = ^- = 2.4 A, io = ^ 2 .= 1.6 A 
70 ' 20 

At node a, KCL must be satisfied 

ii = i 2 + Io—► 2.4 = 1.6 + Io —► Io = 0.8 A 


Hence, 


v 0 = 32 V and I Q = 800 niA 




Chapter 2, Solution 36 


20//(30+50) = 16, 24+ 16 = 40, 60//20 = 15 
R eq = 80+( 15+25)40 = 80+20 = 100 Q 

i = 20/100 = 0.2 A 

If i i is the current through the 24-0 resistor and i 0 is the current through the 50-Q 
resistor, using current division gives 

ii = [40/(40+40)]0.2 = 0.1 and i 0 = [20/(20+80)]0.1 = 0.02 A or 

v 0 = 30i o = 30x0.02 = 600 mV. 



Chapter 2, Solution 37 


Applying KVL, 

-20 + 10+ 101-30 = 0, 1 = 4 


10 = RI - > R = — = 2.5 Í2 

I - 



Chapter 2, Solution 38 


20//80 = 80x20/100 = 16, 6//12 = 6x12/18 = 4 
The circuit is reduced to that shown below. 



60 Q 


(4 + 16)//60 = 20x60/80 = 15 

R eq = 2.5+151115 = 2.5+7.5 = 10 O and 
i 0 = 35/10 = 3.5 A. 



Chapter 2, Solution 39 


(a) We note that the top 2k-ohm resistor is actually in parallel with the first lk-ohm 
resistor. This can be replaced (2/3)k-ohm resistor. This is now in series with the second 
2k-ohm resistor which produces a 2.667k-ohm resistor which is now in parallel with the 
second lk-ohm resistor. This now leads to, 


R eq = [(lx2.667)/3.667]k = 727.3 íl. 


(b) We note that the two 12k-ohm resistors are in parallel producing a 6k-ohm resistor. 
This is in series with the 6k-ohm resistor which results in a 12k-ohm resistor which is in 
parallel with the 4k-ohm resistor producing, 

R eq = [(4xl2)/16]k = 3 kíl 



Chapter 2, Solution 40 


Req= 8 + 4||(2 + 6||3) = 8 + 2 = 10Q 

,= 21 = 1 *= LS A 


R. 


eq 


10 



Chapter 2, Solution 41 


Let Ro = combination of three 12Q resistors in parallel 


rT~12 12 12 


R eq =30 + 60 (10 + R ( 


50 = 30 + 


60(14 + R) 
74 + R 


—► R 0 = 4 
+ R) = 30 + 60||(14 + R) 
-► 74 + R = 42 + 3R 


or R = 16 Q 



Chapter 2, Solution 42 


(a) Rab = 5 


(8 + 20(30) = 5 


( 8 + 12)=^=4fi 

25 


(b) R ab =2 + 4 


(5 + 3) 


8 + 5 


10 4 = 2 + 4 4 + 5 2.857 = 2 + 2 + 1.8181 = 


5.818 Q 



Chapter 2, Solution 43 


(a) Rab = 5 


20 + 10 


5x20 400 

40 =-+-= 4 + 8 

25 50 


(b) 60||20||30 = 


f 


1 1 1 


5 


v 60 + 20 + 30y 


= — = 10Q 
6 


80 + 20 

R ab = 80||(10 +10) = — = 16 Q 


12 Q 



Chapter 2, Solution 44 


For the circuits in Fig. 2.108, obtain the equivalent resistance at terminais a-b. 



3 Q 


Figure 2.108 
For Prob. 2.44 

Solution 

First we note that the 5 Q and 20 Q resistors are in parallel and can be replaced by 
a 4 Q [(5x20)/(5+20)] resistor which in now in series with the 2 Q resistor and 
can be replaced by a 6 Q resistor in parallel with the 3 Q resistor thus, 


R ab = [(6x3)/(6+3)] = 2 0. 
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(a) 10//40 = 8, 20//30 = 12, 8//12 = 4.8 

R ab =5 + 50 + 4.8 = 59.80. 


(b) 12 and 60 ohm resistors are in parallel. Hence, 12//60 = 10 ohm. This 10 ohm 
and 20 ohm are in series to give 30 ohm. This is in parallel with 30 ohm to give 
30//30 = 15 ohm. And 25//(15+10) = 12.5. Thus, 

R ab =5 + 12.8 + 15 = 32.50. 
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R eq = 12 + 51120 + [ l/(( 1/15)+( 1/15)+( 1/15))] + 5 + 24||8 
= 12 + 4 + 5 + 5 + 6 = 32 Q 

I =80/32 =2.5 A 
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(a) 


R„ 


RjRt + R 2 R, +R,R : 100 + 100 + 100 


R, 


10 


R a — Rh — Rc — 30 Í2 


30x20 + 30x50 + 20x50 3100 

(b) R a =---= — = 103.3Q 


30 


30 


„ 3100 „ 3100 ^ 

R h =-= 155Q, R r =-= 62Q 

b 20 50 

R a = 103.3 Q, R b = 155 Q, R c = 62 Q 


30 
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(a) 


Ri = 


R a R c 

R a + R b + R c 


36 


Ri — R -2 — R 3 — 4 Q 


(b) 


R ! 
R 2 
R 3 


60x30 


60 + 30 + 10 
60x10 


100 

30x10 

100 


= 6Q 


= 3Q 


= 18fi 


Ri — 18Q, R 2 — 6Í2, R 3 — 3Q 



2.50 Design a problem to help other students better understand wye-delta transformations using 
Fig. 2.114. 

Although there is no correct way to work this problem, this is an example based on the same 
kind of problem asked in the third edition. 

Problem 

What value of R in the circuit of Fig. 2.114 would cause the current source to deliver 800 mW to 
the resistors. 

Solution 

Using R a = 3Ry = 3R, we obtain the equivalent circuit shown below: 




R + 



> 


3RII-R = 
"2 


3Rx 3 R 

^= R 
3R + -R 
2 


P = I 2 R 800 x 10' 3 = (30 x 10' 3 ) 2 R 


R = 889 Q 
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(a) 30||30 = 15Q and 30||20 = 30x20/(50) = 12Q 

R ab = 15||(12 +12) = 15x24/(39) =9.231 Q 



(b) Converting the T-subnetwork into its equivalent A network gives 

R ab = 10x20 + 20x5 + 5xl0/(5) = 350/(5) = 10 Cl 
R bV = 350/(10) = 350, Ra'c' = 350/(20) = 17.5 Q 

Also 30||70 = 30x70/(100) = 21Q and 35/(15) = 35x15/(50) = 10.5 
R ab = 25 + 17.5||(21 + 10.5) = 25 + 17.5(31.5 

R a b = 36.25 Q 
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Converting the wye-subnetwork to delta-subnetwork, we obtain the Circuit below. 


3 Q 9 Q 



3//1 = 3x1/4 = 0.75, 2//1 =2x1/3 = 0.6667. Combining these resistances leads to the 
circuit below. 

3 Q 



We now convert the wye-subnetwork to the delta-subnetwork. 
Ra = [(2.25x3+2.25x3+2.25x2.25)/3] = 6.188 Q 
R b = R c = 18.562/2.25 = 8.25 Q 
This leads to the circuit below. 

3 Q 




R= 9| |6.188+8.25112 = 3.667+1.6098 = 5.277 
R eq = 3+3+8.25||5.277 = 9.218 O. 
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R an = —— = 4Q, R b , = = 5Q, R c . n = = 20Q 

40 + 10 + 50 bn 100 cn 100 

R ab = 20 + 80 + 20 + (30 + 4)||(60 + 5) = 120 + 34||65 

R ab = 142.32 Q 

(b) We combine the resistor in series and in parallel. 


30||(30 + 30) = ~~~ = 20Q 


We convert the balanced A s to Ts as shown below: 



R ab = 10 + (10 +10)||(10 + 20 +10) +10 = 20 + 20||40 

R ab = 33.33 Q 



Chapter 2, Solution 54 

(a) R ah = 50 +100 /1(150 +100 +150 ) - 50 +100 /1400 = 130D. 

(b) R ab =60 +100 / 1(150 +100 +150) =60 +100 /1400 = 1400 



Chapter 2, Solution 55 

We convert the T to A. 



R ac = 1400/(10) = 140Q, R bc = 1400/(20) = 70Q 
70||70 = 35 and 140||l60 = 140x60/(200) = 42 

R eq = 35||(35 + 42) = 24.0625Q 
I 0 = 24/(R ab ) = 997.4mA 





Chapter 2, Solution 56 

We need to find R eq and apply voltage division. We first tranform the Y network to A. 


30 Q 30 Q 



R ac = 450/(10) = 45Q, R bc = 450/(15) = 30Q 
Combining the resistors in parallel, 


301120 = (600/50) = 12 O, 
37.51130 = (37.5x30/67.5) = 16.667 Q 
351145 = (35x45/80) = 19.688 Q 
R eq = 19.68811(12+ 16.667) = 11.6720 


By voltage division, 




Chapter 2, Solution 57 



R ac = 216/(8) = 27Q, R bc = 36 Q 

4x2+ 2x8+ 8x4 56 _ _ 

Rde =-= —7 Q 

8 8 

R ef = 56/(4) = 14fi, R d f = 56/(2) = 28 Q 
Combining resistors in parallel, 


10|28 
27||3 = 


280 

" 38 
27x3 

30 


7.368Q, 36|7 
2.7Q 


36x7 

43 


5.868Q 





R eq = 4 + 1.829 + (3.977 + 7.368)||(0.5964 +14) 
= 5.829 + 11.346(14.5964= 12.21 Q 
i = 20/(R eq ) = 1.64 A 



Chapter 2, Solution 58 


The resistance of the bulb is (120) 2 /60 = 240Q 

40 Q 2 A 1.5 A 



Once the 160Q and 80Q resistors are in parallel, they have the same voltage 
120V. Hence the current through the 40Q resistor is equal to 2 amps. 

40(0.5 + 1.5) = 80 volts. 

Thus 

v s = 80 + 120 = 200 V. 






Chapter 2, Solution 59 

Three light bulbs are connected in series to a 120-V source as shown in Fig. 

2.123. Find the current I through each of the bulbs. Each bulb is rated at 120 
volts. How much power is each bulb absorbing? Do they generate much light? 


30 W 40 W 50 W 



For Prob. 2.59. 

Solution 

Using p = v7R, we can calculate the resistance of each bulb. 

R 30 w = (120) 2 /30 = 14,400/30 = 480 Q 
R 4 ow = (120) 2 /40 = 14,400/40 = 360 Q 
Rsow = (120) 2 /50 = 14,400/50 = 288 Q 

The total resistance of the three bulbs in series is 480+360+288 = 1128 Q. 

The current flowing through each bulb is 120/1128 = 0.10638 A. 
pão = (0.10638) 2 480 = 0.011317x480 = 5.432 W. 

P 4 o = (0.10638) 2 360 = 0.011317x360 = 4.074 W. 

P 5 o = (0.10638) 2 288 = 0.0113 1 7x288 = 3.259 W. 

Clearly these values are well below the rated powers of each light bulb so we 
would not expect very much light from any of them. To work properly, they need 
to be connected in parallel. 











Chapter 2, Solution 60 

If the three bulbs of Prob. 2.59 are connected in parallel to the 120-V source, 
calculate the current through each bulb. 

Solution 

Using p = v“/R, we can calculate the resistance of each bulb. 

R 30 w = (120) 2 /30 = 14,400/30 = 480 Q 
R 40 w = (120) 2 /40 = 14,400/40 = 360 Q 
Rsow = (120) 2 /50 = 14,400/50 = 288 Q 
The current flowing through each bulb is 120/R. 

Í 3 o = 120/480 = 250 mA. 

Mo = 120/360 = 333.3 mA. 

Í3o = 120/288 = 416.7 mA. 

Unlike the light bulbs in 2.59, the lights will glow brightly! 
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There are three possibilities, but they must also satisfy the current range of 1.2 + 
0.06 = 1.26 and 1.2-0.06 = 1.14. 

(a) UseRiandRi: 

R = RjR 2 = 80||90 = 42.35Q 
p = i 2 R = 70W 

i 2 = 70/42.35 = 1.6529 or i = 1.2857 (which is outside our range) 
cost = $0.60 + $0.90 = $1.50 

(b) UseRiandRs: 

R= Rj|R 3 = 80||l00 = 44.44 Q 

i 2 = 70/44.44 = 1.5752 or i = 1.2551 (which is within our range), 
cost = $1.35 

(c) UseR2andR3: 

R = R 2 |R 3 = 90||l00 = 47.37Q 

i 2 = 70/47.37 = 1.4777 or i = 1.2156 (which is within our range), 
cost = $1.65 

Note that cases (b) and (c) satisfy the current range criteria and (b) is the 
cheaper of the two, hence the correct choice is: 


Ri and R 3 
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p A = 110 x8 = 880 W, p B = 110x2 = 220 W 
Energy cost = $0.06 x 365 xlO x (880 + 220)71000 = $240.90 
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Use eq. (2.61), 


R 


n 


-—R 

-I 


m 


2xl(r 3 xl00 
5-2x10 3 


0.04Q 


I n = I - I m = 4.998 A 

p= l’R = (4.998) 2 (0.04) =0.9992 =1 W 
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When R x = 0, i = 10A R= — = n Q 

10 

When R x is maximum, i x = 1A * R + R =-= 110 Q 

1 

i.e., R x = 110 - R = 99 Q 
Thus, R = 11 O, R x = 99 Q 
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V 50 

R = —— — R =- 1 kQ= 4kQ 

I fs lOmA 
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20 kQ/V = sensitivity = — 

i.e., If s = —kQ/V = 50 uA 
20 


The intended resistance R m = —— = 10(20kQ/V) = 200kQ 

Ifs 

V 50 V 

(a) R = ^ - R =-200 kQ = 800 kQ 

n i fs m 50 pA 

(b) p = If s R n = (50 pA) 2 (800 kQ) = 2 mW 
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(a) 


(b) 


(c) 

(d) 


By current division, 

io = 5/(5 + 5) (2 mA) = 1 mA 

Vo = (4 kQ) io = 4 x 10 3 x 10' 3 = 4 V 

4k||6k = 2.4kQ. By current division, 

i n =---(2mA) =1.19 mA 

0 1 + 2.4 + 5 V 


v 0 = (2.4 kQ)(1.19 mA) = 2.857 V 


% error = 


v o- v o 


X 100% = xlOO = 28.57 % 


4k||36 kQ = 3.6 kQ. By current division, 
5 


1 + 3.6 + 5 


(2mA) = 1.042mA 


v 0 (3.6kQ)(1.042mA) = 3.75V 


% error 


v v 


xl00% = 


0.25x100 


6.25% 
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(a) 40 = 24|60Q 

i = —-— = 100 mA 
16 + 24 

(b) i' =---= 97.56 mA 

16 + 1 + 24 

(c) % error = —— ^^^xl00% = 2.44% 

0.1 
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With the voltmeter in place, 

v =__ V 

0 R,+R s + R,||R m s 

where R m = 100 kQ without the voltmeter, 

v,=-v s 

R,+R,+R s 


When R 2 = 1 kQ, R R 0 =-kQ 


-(40) = 1.278 V (with) 


V,, =-(40) = 1.29 V (without) 

1 + 30 

When R 2 = 10 kQ, R J|R m = 1 °°° = 9.091kQ 
211 110 

9.091 

Vo =-(40) = 9.30 V (with) 

9.091 + 30 

Vo = 10 (40) = 10 V (without) 

10 + 30 

When R 2 = 100 kQ, R JR = 50kQ 


V 0 =-(40) = 25 V (with) 

0 50 + 30 


Vo =-(40) = 30.77 V (without) 

100 + 30 
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(a) Using voltage division, 

v a = ——— ( 25 ) — 15V 
“ 12 + 8 - 

v b = W (25) = 10V 
b 10 + 15 - 

Vab = v a -v b = 15-10 = 5V 


(b) C 



v a = 0; V ac = —(8/(8+12))25 = -10V; v cb = (15/(15+10))25 = 15V. 
Vab = V ac + V cb = -10 + 15 = 5V. 


Vh =-Vah =-5V. 
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Ri 

■vWA 


I 'i 







Given that v* = 30 V, Ri = 20 Q, 1l = 1 A, find R^. 


v í _ ; l(^/ + ^l) 


■> 




30 

1 


-20 


ioa 
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By the current division principie, the current through the ammeter will be 
one-half its previous value when 

R = 20 + R x 

65 = 20 + R x —► R x = 45 Çl 
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With the switch in high position, 

6 = (0.01 + R 3 + 0.02) x 5 —► R 3 = 1.17 Q 
At the médium position, 

6 = (0.01 + R 2 + R 3 + 0.02) x 3—► R 2 + R 3 = 1.97 
orR 2 = 1.97 - 1.17 = 0.8 Q 
At the low position, 

6 = (0.01 + Rj + R 2 + R 3 + 0.02) x 1-► Rj + R 2 + R 3 = 5.97 

Ri =5.97 - 1.97 = 4Q 
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Converting delta-subnetworks to wye-subnetworks leads to the Circuit below. 

1 



1 ,, 1, 1 . 1 1,4. T 

- + (1+ -)//(l+ -) = - + -(-) = 1 
3 3 3 3 2 3 

With this combination, the Circuit is further reduced to that shown below. 




1 


1 


1 . 


z - = i + -+(i+-)//(i+-) = i+i=in 





1 
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Z a b— 1 + 1 — 2 Cl 
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(a) 5 Q = 10||10 = 20|20|20|20 

i.e., four 20 Q resistors in parallel. 

(b) 311.8 = 300 + 10 + 1.8 = 300+ 20||20 +1.8 

i.e., one 300Q resistor in series with 1.8Q resistor and 
a parallel combination of two 20Q resistors. 

(c) 40kQ = 12kQ + 28kQ = (24||24Jfc) + (56k\\56k) 

i.e., Two 24kQ resistors in parallel connected in series with two 
56kQ resistors in parallel. 

(a) 42.32kQ = 421 + 320 

= 24k + 28k = 320 
= 24k = 56k||56k + 300 + 20 

i.e., A series combination of a 20Q resistor, 300Q resistor, 

24kQ resistor, and a parallel combination of two 56kQ 
resistors. 
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The equivalent circuit is shown below: 

R 

1-WV-1 

(l-a)R 



Vo 


(l-a)R ,, _ 1-oc w 

- Ve —- V o 

R + (l-a)R * 2-a 6 


Vq _ 1-a 
V^'2^ 
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2 

Since p = v /R, the resistance of the sharpener is 
R = v 2 /(p) = 6 2 /(240 x ÍCT 3 ) = 1500 
I = p/(v) = 240 mW/(6V) = 40 mA 

Since R and R x are in series, I flows through both. 

IR X = V x = 9 - 6 = 3 V 

R x = 3/(1) = 3/(40 mA) = 3000/(40) = 75 0 



Chapter 2, Solution 80 

The amplifier can be modeled as a voltage source and the loudspeaker as a resistor: 






Chapter 2, Solution 81 

Let Ri and R 2 be in kQ. 


R e, 

= Rj + r 2 |5 

(1) 

V 0 

5||r 2 

(2) 

V s 

5 R 2 + R j 


5 R, „ 5R 0 

From (1) and (2), 0.05 = -► 2 = 5 R, =-or R, = 3.333 kQ 

40 5 + R 2 

From (1), 40 = Ri + 2-► Rj = 38 kQ 

Thus, 

Ri = 38 kQ, R 2 = 3.333 kQ 
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The voltage across the fuse should be negligible when compared with 24 
V (this can be checked later when we check to see if the fuse rating is 
exceeded in the final circuit). We can calculate the current through the 
devices. 




45mW 

9V 


= 5mA 


480mW 


h = — = ■ — = 20mA 


V, 


24 


Ifuse 20 mA 



Let R 3 represent the resistance of the first device, we can solve for its value from 
knowing the voltage across it and the current through it. 

R 3 = 9/0.005 = 1,800 Q 

This is an interesting problem in that it essentially has two unknowns, Ri and R 3 but only 
one condition that need to be met and that the voltage across R 3 must equal 9 volts. 

Since the circuit is powered by a battery we could choose the value of R 2 which draws 
the least current, R 3 = 00. Thus we can calculate the value of Ri that give 9 volts across 

r 3 . 


9 = (24/(R, + 1800)) 1800 or R t = (24/9)1800 - 1800 = 3 kíí 

This value of Rj means that we only have a total of 25 mA flowing out of the battery 
through the fuse which means it will not open and produces a voltage drop across it of 
0.05V. This is indeed negligible when compared with the 24-volt source. 





Chapter 3, Solution 1 


Using Fig. 3.50, design a problem to help other students to better understand 
nodal analysis. 

Rl K2 



Figure 3.50 

For Prob. 3.1 and Prob. 3.39. 

Solution 

Given Ri = 4 kíi, R2 = 2 kQ, and R3 = 2 kQ, detennine the value of I x using 
nodal analysis. 

Let the node voltage in the top middle of the circuit be designated as V x . 
[(V x —12)/4k] + [(V x —0)/2k] + [(V x -9)/2k] = 0 or (multiply this by 4 k) 
(l+2+2)V x = 12+18 = 30 or V x = 30/5 = 6 volts and 


I x = 6/(2k) = 3 mA. 





Chapter 3, Solution 2 

At node 1, 

——— —= 6 + ——— -► 60 = -8vi+5vo (1) 

10 5 2 

At node 2, 

— = 3 + 6+ V ‘ ~ Vz -► 36 = - 2vj + 3vo (2) 

4 2 

Solving (1) and (2), 

Vl =0 V,v 2 = 12V 



Chapter 3, Solution 3 


Applying KCL to the upper node, 


-8 + — + — + — + 20 + — = Oorv 0 = -60 V 
10 20 30 60 


ii= J> = -6 A,í 2 =A1 = -3A, 
10 20 


-2 A, i 4 = — = 1 A. 
60 



Chapter 3, Solution 4 



At node 1, 

-6 - 3 + vj/(20) + vi/(10) = 0 or vi = 9(200/30) = 60 V 
At node 2, 

3 - 2 + v 2 /(10) + v 2 /(5) = 0 or v 2 = -1(1600/80) = -20 V 

ii = vi/(20) = 3 A, i 2 = vi/(10) = 6 A, 
i 3 = v 2 /(40) = -500 niA. i 4 = v?/(40) = -500 mV. 
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Apply KCL to the top node. 


30- v o | 20 -vp 
2k 5k 


-► V,, = 20 V 

4k 



Chapter 3, Solution 6. 

Solve for V i using nodal analysis. 


10 Q 



Figure 3.55 
For Prob. 3.6. 

Step 1. The first thing to do is to select a reference node and to identify all the 

unknown nodes. We select the bottom of the circuit as the reference node. The only 
unknown node is the one connecting all the resistors together and we will call that node 
Vi. The other two nodes are at the top of each source. Relative to the reference, the one 
at the top of the 10-volt source is -10 V. At the top of the 20-volt source is +20 V. 

Step 2. Setup the nodal equation (there is only one since there is only one 

unknown). 

-1—10» . - (- 10 » . - Q). 04 - 2Q> _ „ 

-s- + -Tõ- +—TÕ—+ io 

Step 3. Simplify and solve. 

(1 1 1 1 \ _ 10 _ 10 20 
*5 + 10 + 10 + 10 ' 1 ~ ~ j 10 4 IQ 

( 0.2 + 0,1 + 0.1 + O.lFi = 0.514 = -2 -1 + 2 = -1 


or 

Vi = -2 V. 


The answer can be checked by calculating all the currents and see if they add up to zero. 
The top two currents on the left flow right to left and are 0.8 A and 1.6 A respectively. 
The current flowing up through the 10-ohm resistor is 0.2 A. The current flowing right to 
left through the 10-ohm resistor is 2.2 A. Summing all the currents flowing out of the 
node, V i, we get, +0.8+1.6 -0.2-2.2 = 0. The answer checks. 





















Chapter 3, Solution 7 


-2 + 


v x -o 

10 


+ 


v x -o 

20 


+ 0.2V X 


= 0 


0.35V X = 2 or V x = 5.714 V. 

Substituting into the original equation for a check we get, 

0.5714 + 0.2857 + 1.1428 = 1.9999 checks 



Chapter 3, Solution 8 

6Í2 Í! vi Í3 20 



But 


il + Í2 + Í3 = 0-► 


v, | (v 1 -6Q)-Q | v,-5v 0 _ Q 
10 20 20 


v 0 = — v i so that 2vi + Vi - 60 + Vi - 2vi = 0 
or Vi=60/2 = 30V, therefore v G = 2vi/5 = 12 V. 
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Let Vi be the unknown node voltage to the right of the 250-Í2 resistor. Let the ground 
reference be placed at the bottom of the 50-Í2 resistor. This leads to the following nodal 
equation: 

Vi-24 Vi-0 Vi-60I b -0 n 
250 50 150 

simplifying we get 

3Vj -72 + 15V! + 5Vj -300I b =0 


But I b = 


24 - Vi 
250 


Substituting this into the nodal equation leads to 


24.2Vj-100.8 = 0 or Vi = 4.165 V. 
Thus, I b = (24 -4.165)7250 = 79.34 mA. 
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1 Í1 



At node 1. [(vi-0)/8] + [(vi-V 3 )/l] +4 = 0 

At node 2. -4 + [(v2-0)/2] + 2i 0 = 0 

At node 3. -2i 0 + [(v 3 -0)/4] + [(v 3 -vi)/l] = 0 

Finally, we need a constraint equation, i 0 = v i/8 
This produces, 


1.125v 

i - v 3 =4 

d) 

0.25vi 

+ 0.5v2 = 4 

(2) 

-1.25v 

i + 1.25 v 3 = 0 or vi = v 3 

(3) 


Substituting (3) into (1) we get (1.125—l)vi = 4 or vi = 4/0.125 = 32 volts. This leads to, 


i 0 = 32/8 = 4 amps. 














Chapter 3, Solution 11 


Find Vo and the power absorbed by all the resistors in the Circuit of Fig. 3.60. 



Figure 3.60 
For Prob. 3.11. 

Solution 

Y -60 V -0 V -(-24) 

At the top node, KCL produces —2-h —2-1— 2 -= 0 

12 12 6 

(1/3)V 0 =1 or V 0 = 3 V. 

P i 2 o = (3-60) 2 /l = 293.9 W (this is for the 12 Q resistor in series with the 60 V 
source) 

P 120 = (Vo) 2 /12 = 9/12 = 750 mW (this is for the 12 Q resistor connecting V 0 to 
ground) 

P 4 o = (3-(-24)) 2 /6 = 121.5 W. 



Chapter 3, Solution 12 

There are two unknown nodes, as shown in the circuit below. 


20 Q 10 Q 



(0.05+0.05+.l)Vi - O.lVo = 0.2Vi - 0.1V o = 2 (1) 

At node o, 

Y _y Y -0 

- L -4I X -= 0 and I x = V í/20 

10 10 

-0.1 Vi - 0.2V! + 0.2V o = -0.3Vi + 0.2V o = 0 or (2) 

Vi = (2/3) V 0 (3) 

Substituting (3) into (1), 

0.2(2/3)V o - O.lVo = 0.03333V o = 2 or 


V 0 = 60 V. 



Chapter 3, Solution 13 


Calculate vi and v 2 in the circuit of Fig. 3.62 using nodal analysis. 



For Prob. 3.13. 

Solution 

At node number 2, [((v 2 + 10) - 0)/10] + [(v 2 -0)/4] -15 = 0 or 
(0.1+0.25)v 2 = 0.35v 2 = -1+15 = 14 or 

v 2 = 40 volts. 


Next, I = [(v 2 + 10) - 0]/10 = (40 + 10)/10 = 5 amps and 


vi = 8x5 = 40 volts. 










it of Fig. 3.63. 




:.5 = 0 or 3vi - v 0 = 200-25 = 175 


[(v o +50)/8] = 0 or -4v i + 7v 0 = 50 




4(1) + 3(2) = -4v 0 + 21v 0 = 700 + 150 or 17v 0 = 850 or 

v 0 = 50 V. 

Checking, we get vi = (175+v 0 )/3 = 75 V. 

At node 1, 

[(75—100)/1] + [(75—50)/2] + 12.5 = -25 + 12.5 + 12.5 = 0! 

At node o, 

[(50-75)/2] + [(50—0)74] + [(50+50)78] - 12.5 = -12.5 + 12.5 + 12.5 - 12.5 = 0! 



Chapter 3, Solution 15 



Nodes 1 and 2 form a supemode so that vi = V 2 + 10 (1) 

At the supernode, 2 + 6vi + 5v 2 = 3 (v 3 - v 2 )-► 2 + 6vj + 8v 2 = 3v 3 (2) 

At node 3, 2 + 4 = 3 (v 3 - v 2 )-► v 3 = v 2 + 2 (3) 

Substituting (1) and (3) into (2), 

2 + 6v 2 + 60 + 8v 2 = 3v 2 + 6-► v 2 = —^ 

m 54 

Vi = v 2 + 10 = — 


io = 6 ví = 29.45 A 


65 


- 1 - = vfG = 

R 1 


54 


6 = 144.6 W 


P 55 = v 2 G = 


-56 

TT 


vlly 

\ 2 

5 = 129.6 W 


P 35 = (v L -v 3 ) 2 G = (2) 2 3= 12 W 
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2 S 



At the supernode, 

2 = vi + 2 (vi - V3) + 8 (v 2 - V3) + 4v2, which leads to 2 = 3vi + 12 v 2 - IOV3 (1) 

But 

vi = v 2 + 2 vo and v 0 = V 2 . 

Hence 

vi= 3 v 2 (2) 

v 3 = 13V (3) 

Substituting (2) and (3) with (1) gives, 


v 1 = 18.858 V, v 2 = 6.286 V, v 3 = 13 V 
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Vl 



8 Q 


* , ! 60-v, v, v, -v, 

Atnodel,- L = —+ - 1 2 


8 

At node 2, 3i 0 + ^^ + ^^ = 0 
10 2 


120 = 7vi-4v 2 (1) 


„ . 60-v, 

But io =-- 


Hence 


3(60-V|) + 60 z v^ + v 1 -v^ = 0 , 1020 = 5vi + I2v 2 

4 10 2 


Solving (1) and (2) gives vi = 53.08 V. Hence i 0 = ——— = 1.73 A 
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(a) (b) 


At node 2, in Fig. (a), V2 — V| + V;2 — — -15 = 0 or-0.5vj + v 2 - 0.5v3 = 15 (1) 

At the supernode, V2 ^ V ' + V;2 ^ Vj - = 0 and (vi/4) - 15 + (v 3 /8) = 0 or 

2vi+v 3 = 120 (2) 

From Fig. (b), - Vi - 30 + v 3 = 0 or v 3 = Vi + 30 (3) 

Solving (1) to (3), we obtain, 

vi = 30 V, V 2 = 60 V =v 3 
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At node 1, 


r „ V. - V , V. - V , V, 

5 = 3 + —- 4 + ^-^ + — 

2 8 4 


At node 2, 


16 = 1V 1 -V 2 -4V 3 (1) 


V 1 -V 2 ..Vi , ^ 2-^3 

8 2 4 

At node 3, 


0 = -V, + IV 2 - 2V 3 (2) 


12 -V, v -V v _v 

3 +-- + ^- L + ^-^ = 0 - > -36 = 47.+2V,-7V, (3) 

8 2 4 1 2 3 

From (1) to (3), 


' 7 

-1 

-4^ 

fvO 


í 16 1 

-1 

7 

-2 


= 

0 

, 4 

2 

-7, 

. V, 


1-36, 


Using MATLAB, 


AV =B 


V 


= A l B = 


10 

4.933 

12.267 


■> V, = 10 V, V 2 = 4.933 V, V 3 = 12.267 V 
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Nodes 1 and 2 form a supernode; so do nodes 1 and 3. Hence 
V, V, V, 

^+^+^ = o —> y,+ 4 y, +v,=o (í) 

4 14 i 



Between nodes 1 and 3, 

-y,+i2+y 3 =o —> y 3 =vi-i2 (2) 

Similarly, between nodes 1 and 2, 

= y 2 + 2 i (3) 

But i = V 3 / 4. Combining this with (2) and (3) gives 

.y 2 =6+y,/2 ( 4 ) 

Solving (1), (2), and (4) leads to 


V l = -3V, y 2 = 4.5V,y 3 = -15 V 
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Let V 3 be the voltage between the 2kQ resistor and the voltage-controlled voltage source. 
At node 1, 


3xl(T 3 = ^^ ^^ 
4000 2000 


12 = 3vi - v 2 - 2v 3 (1) 


At node 2, 



~Y- -► 3vi - 5 v2 - 2v 3 = 0 


( 2 ) 


Note that v 0 = v 2 . We now apply KVL in Fig. (b) 

- V 3 - 3v 2 + v 2 = 0-► V3 = - 2v 2 (3) 

From (1) to (3), 

Vl = l V, v 2 = 3 V 
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Atnodel, 12 v » = Zl + 3 + v i _ v ° -► 24 = 7vi-v 2 


2 4 


8 


At node 2, 3 + 


Vj—v 2 v 2 +5v 2 


But, vi = 12 - vi 


( 1 ) 


Hence, 24 + vi - v 2 = 8 (v 2 + 60 + 5vi) = 4 V 

456 = 41v!-9v 2 (2) 

Solving (1) and (2), 

Vi =-10.91 V, v 2 = - 100.36 V 
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We apply nodal analysis to the circuit shown below. 



Vg -30 | Vq-0 | V 0 
1 2 


(2V ° +Vl) = 0 1.25V 0 -0.25VJ = 30 

4 ° 1 


At node 1, 


(2V o +y 1 )-V o | Vl -0 

4 16 


3 = 0 5Vj + 4V 0 = 48 


From (1), Vi = 5V 0 - 120. Substituting this into (2) yields 
29V 0 = 648 or V 0 = 22.34 V. 


( 1 ) 


(2) 
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Consider the circuit below. 


8 Q 



Vi -0 Vi - Va. 

- 4 -\— -— = 0 —> 1.125Vi -O.I 25 V 4 = 4 (1) 

18 

V 9 - 0 V 9 - V 9 

+ 4 H— -+ ^-— = 0 —> 0.75V 2 - 0.25V 3 = -4 (2) 

v 9 - v 9 V 9 - 0 

3 4 2 + 3 + 2 = 0^ -0.25V 9 + 0.75V 3 = -2 (3) 

Va - Vi V 4 - 0 

- 2 H— -^ + ^-= 0->-0.125Vi+1.125V 4 =2 (4) 

8 1 14 


“ 1.125 

0 

0 

-0.125] 


' 4 ' 

0 

0.75 

-0.25 

0 

V = 

-4 

0 

-0.25 

0.75 

0 


-2 

-0.125 

0 

0 

1.125 


2 


Now we can use MATLAB to solve for the unknown node voltages. 


» Y=[l.125,0,0,-0.125;0,0.75,-0.25,0;0,-0.25,0.75,0;-0.125,0,0,1.125] 


Y = 



1.1250 0 0 -0.1250 

0 0.7500 -0.2500 0 

0 -0.2500 0.7500 0 

-0.1250 0 0 1.1250 


»I=[4,-4,-2,2]' 


1 = 


4 

-4 

-2 

2 


» V=inv(Y)*I 

V = 

3.8000 

-7.0000 

-5.0000 

2.2000 


Vo = Vi - V 4 = 3.8 - 2.2 = 1.6 Y. 
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Consider the circuit shown below. 



At node 1. 

1 Vj-V 2 Vi-V 4 

1 20 

At node 2, 

Vi-V 2 V 2 , V2-V3 

1 8 10 


80=2]V 1 -20V 2 -V 4 


0 = -80V 1 + 98V 2 -8V 3 


( 1 ) 

( 2 ) 


At node 3, 

V2-V3 V31 V3-V4 

10 20 10 

At node 4, 

V 1 -V 4 v 3 -v 4 _v 4 

20 + 10 “ 3Õ 


0 = -2V 2 + 5V 3 - 2V 4 
0 = 3V 1 + 6V 3 -1]V 4 


Putting (1) to (4) in matrix form gives: 


"80] I" 21 -20 0 -lirVi" 

0 _ -80 98 -8 0 V 2 

0 “ 0 -2 5 -2 V 3 

_ 0 J L 3 0 6 -llj[v 4 _ 


B = A V —► V = A 1 B 


( 3 ) 

( 4 ) 


Using MATLAB leads to 


Vi = 25.52 V, V 2 = 22.05 V, V 3 = 14.842 V, V 4 = 15.055 V 
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At node 1, 


15 -V, „ V.-V, 

20 10 5 

At node 2, 

V. -V 2 , 4/ 0 - V, _ V 2 -V 3 

5 5 5 

V. -V, 

But T =-. Hence, (2) becomes 

° 10 

0 = 7Vj -15V 2 + 3V 3 


- 45 = 7V, -4V 2 -2V 3 


At node 3, 

V V -10-Vo V 2 -V, „ 

3 + —-i + i + ^-— = 0 -> 

10 15 5 

Putting (1), (3), and (4) in matrix form produces 


70 = -3Vj - 6 V 2 +1IV 3 


( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 


f 7 -4 -2YV,3 


7 -15 

-3 -6 


3 

11 


1 

V 2 

A v 3 ) 


V ~ V 

Using MATLAB leads to 

^- 7.193 


-45^ 

0 

70 


V = A _1 B = 


-2.78 

2.89 


AV = B 


Thus, 


Vi = -7.19V; V 2 = -2.78V; V 3 = 2.89V. 
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At node 1, 

2 = 2vi + vi - V 2 + (vi - v 3 )4 + 3io, io = 4 v 2 . Hence, 

2 = 7vi + 1lv 2 - 4v 3 (1) 

At node 2, 

Vi-V2=4v 2 + V2-V3 -► 0 = -Vi+6V2-V 3 (2) 

At node 3, 

2v 3 = 4 + V 2 - v 3 + 12v2 + 4(vi - v 3 ) 

or - 4 = 4vi + 13v2 - 7v 3 (3) 

In matrix form, 


“7 

11 

-4 

" v i" 


' 2 ' 

1 

-6 

1 

v 2 

= 

0 

4 

13 

-7 

_ V 3 J 


-4 



7 

11 

-4 


2 

11 

-4 

A = 

1 

-6 

1 

ll 

<f 

vo 

r- 

II 

0 

-6 

1 


4 

13 

-7 


-4 

13 

-7 


7 

2 

-4 



7 

11 

2 

1 

0 

1 

= 66 , 

A 3 - 

1 

- 6 

0 

4 

-4 

-7 



4 

13 

- 4 


110 


286 


Vi 


A, 

A 


— = 0.625V, v, = ^ = — = 0.375V 
176 A 176 


V3 


A3 

A 


286 

176 


1.625V. 


v i = 625 mV, v 2 = 375 mV, v 3 = 1.625 V. 
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At node c, 

V„-Vc v c ~ V b , Vç 

10 4 5 

At node b, 

V + 90 - V h V - V V 

_ã_L_|_£_£_ — _L _3 

8 4 8 

At node a, 

y a _ 60 -V d [ y a | V a + 90-V b _ Q 

16 


0 = -5V, + 1IV. - 2V, 


( 1 ) 


8 


4 

At node d 


Y a -60-V d _V d+ V d -Vc 


4 20 10 

In matrix form, (1) to (4) become 
-5 11 -2YV a ^| f 0 ^ 
1 -4 2 0 V b _ -90 

7 -2 0 -4 V c 60 
502-8 1 


A V cy 


v 300 y 


- 90 = V a - 4V b + 2V C (2) 

-> 60 = 7V a - 2V b - 4V d (3) 


300 = 5V a + 2V C - 8V d (4) 


AV = B 


We use MATLAB to invert A and obtain 


V = A B = 


Thus, 


10.56^ 

20.56 


1.389 

-43.75 


V a = -10.56 V; Vb = 20.56 V; V c = 1.389 V; VC d = -43.75 V. 
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At node 1, 



5 + V 1 -V 4 +2V 1 +V l -V 2 =0 - 

At node 2, 

-> -5 = 4Vi -V 2 -V 4 

(1) 

V i -V 2 =2V 2 +4(V 2 -V 3 ) = 0 - 

At node 3, 

-> 0= V,+7V, 4V 3 

(2) 

6 + 4(V 2 -V 3 ) = V 3 -V 4 -> 

At node 4, 

6 = -4V 2 + 5V 3 -V 4 

(3) 

2 + V 3 -V 4 + V, -V 4 = 3V 4 - 

In matrix form, (1) to (4) become 

-> 2 =-Vi -V 3 + 5V 4 

(4) 


' 4 

-1 

0 

-13 



r-s3 

-1 

7 

-4 

0 



0 

0 

-4 

5 

-1 



6 

1-1 

0 

-1 

5, 

[vj 


Uv 


Using MATLAB, 


V = A l B = 


i.e. 


^- 0 . 7708 ^ 
1.209 
2.309 
v 0.7076 , 


V x = -0.7708 V, V 2 = 1.209 V, V 3 = 2.309 V, V 4 = 0.7076 V 
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At node 1, 

[(v i -80)/10]+[(v i -4v o )/20]+[(v i -(v o -96))/40] = 0 or 
(0.1+0.05+0.025)vi - (0.2+0.025)v o = 

0.175vi-0.225v o = 8-2.4 = 5.6 (1) 

At node 2, 


-2i 0 + [((v o -96)-vj)/40] + [(v o -0)/80] = 0 and i 0 = [(vi-(v o -96))/40] 
-2[( Vl -(v o -96))/40] + [((Vo-96)- Vl )/40] + [(v o -0)/80] = 0 
-3[(vi-(v o -96))/40] + [(v o -0)/80] = 0 or 
-0.0.075vi + (0.075+0.0125)v o = 7.2 = 

-0.075vi + 0.0875v o = 7.2 (2) 


Using (1) and (2) we get, 


“ 0.175 

-0.225“ 

A 


“5.6“ 

-0.075 

0.0875 



7.2 


0.0875 0.225 




0.075 0.175_ 


“5.6“ 


0.075 0.175 

“5.6“ 


0.0153125-0.016875 

7.2J 


-0.0015625 

7.2 


0.0875 0.225 


v, =-313.6-1036.8 = -1350.4 


v 0 = -268.8-806.4 = -1.0752 kV 


and i 0 = [(v,-(v o -96))/40] = [(-1350.4-(-1075.2-96))/40] = -4.48 amps. 
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1Q 



At the supernode, 


1 „ v i v, v i - v, 

1 + 2v 0 = — + — + —-- 

4 1 1 


But v 0 = vi-v 3 . Hence (1) becomes, 

4 = -3vj + 4v 2 +4 v 3 


( 1 ) 


( 2 ) 


At node 3, 


„ Vq 10-V-3 

2Vo+ 4 = v l" v 3 + —^ 


or 


20 = 4vi + 0v 2 - v 3 


At the supernode, v 2 = vi + 4i 0 . But i 0 


v, 

—. Hence, 
4 


v 2 = Vi + v 3 


( 3 ) 


( 4 ) 


Solving (2) to (4) leads to, 


Vi = 4.97V, v 2 = 4.85V, v 3 = -0.12V. 




Chapter 3, Solution 32 


5 kQ V3 



We have a supemode as shown in figure (a). It is evident that V 2 = 12 V, Applying KVL 
to loops land 2 in figure (b), we obtain, 

-vi - 10 + 12 = 0 or vi = 2 and -12 + 20 + V 3 = 0 or V 3 = -8 V 


Thus, 


vi =2V, v 2 = 12 V, v 3 = -8V. 
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(a) This is a planar Circuit. It can be redrawn as shown below. 
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(a) This is a planar Circuit because it can be redrawn as shown below, 



(b) This is a non-planar circuit. 
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Assume that ii and Í 2 are in mA. We apply mesh analysis. For mesh 1, 
-30 + 20 + 7Í1 -5í 2 = 0 or 7ii-5 í 2 = 10 (1) 

For mesh 2, 

-20 + 9í 2 — 5i i = 0 or -5i i + 9Í2 = 20 (2) 

Solving (1) and (2), we obtain, Í 2 = 5. 


v 0 = 4i 2 - 20 volts. 
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10 V 



Applying mesh analysis gives, 

101 1 - 6I 2 = 12 and -61 1 + 8I 2 = -10 

f4 3 


" 6 ' 


" 5 

-3" 

"Iil 


" 6 ' 

or 

"Iil 


_3 5_ 

“ 6 “ 

_-5_ 


-3 

4 

_! 2 J 


_-5_ 

_! 2 J 


11 

_-5_ 


li = (24-15)/ll =0.8182 and I 2 = (18-25)/ll = -0.6364 


ii = -Ii = -818.2 mA; i 2 = h -1 2 = 0.8182+0.6364 = 1.4546 A; and 

i 3 = 12 = -636.4 mA. 
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6 Q 20Q 



Applying mesh analysis to loops 1 and 2, we get, 

30i i - 20Í2 + 60 = 0 which leads to Í 2 = 1.5ii + 3 (1) 

—20i i + 40Í2 - 60 + 5v 0 = 0 (2) 

But, v 0 = —4i i (3) 

Using (1), (2), and (3) we get —20i i + 60i i + 120 - 60 - 20i i = 0 or 
20ii = -60 or ii = -3 amps and Í 2 = 7.5 amps. 


Therefore, we get, 


vo = —4i i = 12 volts. 
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Consider the circuit below with the mesh currents. 


40 30 



Ii=-5A (1) 

l(I 2 -Ii) + 2(I 2 -I 4 ) + 22.5 + 4I 2 = 0 

7I 2 - I 4 = -27.5 (2) 

-60 + 413 + 3I 4 + 1I 4 + 2(I 4 -I 2 ) + 2(13 — li) = 0 (super mesh) 

-2I 2 + 6 I 3 + 6 I 4 = +60 - 10 = 50 (3) 

But, we need one more equation, so we use the constraint equation -I 3 + I 4 = 10. This 
now gives us three equations with three unknowns. 


“ 7 

0 

-l" 

V 


"-27.5" 

-2 

6 

6 

I 3 

= 

50 

0 

-1 

1 



10 


We can now use MATLAB to solve the problem. 


» Z=[7,0,-1 ;-2,6,6;0,-1,0] 
























z = 

7 0-1 

-2 6 6 
0-10 

» V=[-27.5,50,10]' 

V = 

-27.5 

50 

10 

»I=inv(Z)*V 
1 = 

-1.3750 

- 10.0000 

17.8750 

I G = ij -1 2 = -5 - 1.375 = -6.375 A. 

Check using the super mesh (equation (3)): 

-2I 2 + 6 I 3 + 6I 4 = 2.75 - 60 + 107.25 = 50! 
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Using Fig. 3.50 from Prob. 3.1, design a problem to help other students to better 
understand mesh analysis. 

Solution 

Given Ri = 4 kQ, R 2 = 2 kQ, and R 3 = 2 kQ, detennine the value of I x using 
mesh analysis. 


Ri R2 



Figure 3.50 

For Prob. 3.1 and 3.39. 

For loop 1 we get -12 +4kli + 2k(1 1 — 12 ) = 0 or 6 I 1 — 2G = 0.012 and at 

loop 2 we get 2k(I 2 —1 1 ) + 2kl 2 + 9 = 0 or-2Ii + 4G = -0.009. 

Now 61 1 - 2I 2 = 0.012 + 3[—21 1 + 4G = -0.009] leads to, 

10I 2 = 0.012 - 0.027 = -0.015 or I 2 = -1.5 mA and I, = (-0.003+0.012)/6 = 1.5 
mA. 

Thus, 


I x = 1 1—12 = (1.5+1.5) mA = 3 mA. 
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56V 

Assume all currents are in mA and apply mesh analysis for mesh 1. 

-56 + 12ii - 6Í2 - 4Í3 = 0 or 6ii - 3Í2 - = 28 (1) 

for mesh 2, 

-6ii + 14Í2 - 2Í3 = 0 or-3ii + 7Í2 - Í3 =0 (2) 

for mesh 3, 

-4ii - 2Í2 + IOÍ3 = 0 or-2ii - Í2 + 5Í3 =0 (3) 

Solving (1), (2), and (3) using MATLAB, we obtain, 

i„ = i 1 =8 mA. 
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10 Q 

AA/V- 




Í2 

◄— 


li 


0 


Í3 

◄— 


For loop 1, 
For loop 2, 
For loop 3, 


6 = 12i i — 2Í2 * 3 = 6ii — Í2 

-8 = — 211 + 7 Í 2 — Í3 


-8 + 6 + 6Í3 — Í2 — 0 —► 2 — — 1t + 6F 


We put (1), (2), and (3) in matrix form, 


"6 

-1 

0" 



"3" 

2 

-7 

1 

^2 

= 

8 

0 

-1 

6 

_^3 J 


2 



6 

- 1 

0 


6 

3 

0 

A = 

2 

- 7 

1 

= -234, A 2 = 

2 

8 

1 


0 

- 1 

6 


0 

2 

6 





6 

- 1 

3 

A 3 - 

2 

-7 

8 = -38 


0 

- 1 

2 

A, 


A, 

- 38 - 240 

At node 0 ,1 + 12 = 13 or 1 = 13 -12 = —- 


2 _ 

= 1.188 A 


A 


- 234 
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Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Determine the mesh currents in the circuit of Fig. 3.88. 


30 íi 3QÍÍ »on 



Figure 3.88 

Solution 


For mesh 1, 

-12 + 507, - 30/ 2 = 0 -> 12 = 507, - 30/ 2 

For mesh 2, 

-8 + 100 72 - 307,-4073 = 0 -> 8 = -307, +100/ 2 -40/3 

For mesh 3, 

- 6 + 50/j - 407 2 = 0 -» 6 = -407 2 + 507 3 

Putting eqs. (1) to (3) in matrix form, we get 


' 50 

-30 

0 " 

ÍO 


"12" 

-30 

100 

-40 

h 

= 

8 

v 0 

-40 

50 J 

03y 


l 6 v 


Using Matlab, 


I =A l B = 


f 0.48^ 
0.40 
v 0.44 y 


AI =B 


(D 

( 2 ) 

( 3 ) 


i.e. 


1 1 = 480 m \. I 2 = 400 m \. I 3 = 440 niA 
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20 Q 



30 Q V 


ab 


For loop 1, 


For loop 2, 


For loop 3, 


(3) 


80 = 70i i - 20Í2 - 30 í 3 -► 8 = 7ii-2Í2-3i 3 (1) 


80 = 70i 2 - 20i i - 30i 3 


0 = -30i 1 - 30i 2 + 90i 3 


8 = -2ii + 7i 2 - 3i 3 (2) 


0 = ii + i 2 - 3i 3 


Solving (1) to (3), we obtain i 3 = 16/9 

I 0 = i 3 = 16/9 = 1.7778 A 


V ab = 30i 3 = 53.33 V. 
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90 V 



Loop 1 and 2 form a supermesh. For the supermesh, 



6 i 1 + 4í 2 - 5í 3 + 180 = 0 

( 1 ) 

For loop 3, 

—i] — 41 2 + 7 Í 3 + 90 = 0 

(2) 

Also, 

i 2 = 45 + ii 

(3) 


Solving (1) to (3), ii = -46, Í 3 = -20; i 0 = ii - Í 3 = -26 A 
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4 Q 8 Q 



For loop 1, 

30 = 5i 1 — 3Í2 - 2í 3 

( 1 ) 

For loop 2, 

IOÍ 2 - 3i 1 - 6 Í 4 = 0 

( 2 ) 

For the supermesh. 

6 Í 3 + 14Í4 — 2 ii — 6 Í 2 = 0 

(3) 

But u — Í 3 = 4 which leads to u = Í 3 + 4 

(4) 


Solving (1) to (4) by elimination gives i = ij = 8.561 A. 
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For loop 1, 

-12 + 3/j +8(/j —i 2 ) = -12 + 11/j -8/ 2 = 0 -> 11/, — 8 í 2 = 

For loop 2, 

8(z 2 - z‘j) + 6 i 2 + 2v c = -8z\ +14/ 2 + 2v 0 = 0 
But v 0 =3z\, 

- 8/| + 14z 2 + 6/j = 0 -> z, = 7 z 2 

Substituting (2) into (1), 

77z 2 -8z 2 =12 -> i 2 = 0.1739 A and 4 = 7i 2 = 1.217 A 
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First, transform the current sources as shown below. 

- 6V + 



For mesh 1, 

-20 + 14/! - 21 2 -8/ 3 =0 - > 10 = 77,-/2-473 (1) 

For mesh 2, 

12 + 14 / 2 - 27 ,- 4 / 3=0 -> -6 = -/,+7/ 2 - 2/3 (2) 

For mesh 3, 

-6 + 14 / 3 -4/ 2 -87, =0 -> 3 = -47,- 2 / 2 + 7/3 (3) 

Putting (1) to (3) in matrix form, we obtain 

r 1 -1 -4YiA fio' 

-1 7 -2 I 2 = -6 -> A/ = £ 

_4 _? 7 / 3 

Using MATLAB, 

2 

/ = a x B = 0.0333 -> /, = 2.5, I 2 = 0.0333,/ 3 =1.8667 

1.8667 

But 




i 

o 

(N 

II 

s 

-> V, =20-47, =10 V 


h -'i 

rí 

ii 

- / 2 )= 4.933 V 

Also, 

V, -12 

1 2 = 3 - > 

8 

V 3 =12 + 8/ 2 = 12.267 V. 
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We apply mesh analysis and let the mesh currents be in mA. 



For mesh 1, 

-6 + 8 + 51,-I 2 -4I 4 =0 -> 2 = 5I,-I 2 -4I 4 

For mesh 2, 

- 4 + 13I 2 - 1, - 10I 3 - 2I 4 = 0 -> 4 = -I, + 13I 2 — 10I 3 — 2I 4 

For mesh 3, 

— 3 + 15I 3 — 10I 2 -5I 4 =0 -> 3 = -10I 2 +15I 3 -5I 4 

For mesh 4, 

-4/, - 2/ 2 - 5/ 3 +14/ 4 =0 
Putting (1) to (4) in matrix form gives 


í 5 

-1 

0 

-4' 

ro 


(2) 

-1 

13 

-10 

-2 

i 2 


4 

0 

-10 

15 

-5 

13 


3 

1-4 

-2 

-5 

14, 

^4 J 




Using MATLAB, 


I = A B = 


0 . 608 ^ 

4.044 

3.896 


0.148 


The current through the 10kQ resistor is I 0 = I 2 -13 = 148 mA. 
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3 Q 

M/V 



(b) 


For the supermesh in figure (a), 

3ii +2Í2-3i 3 + 27 = 0 (1) 

AtnodeO, Í 2 — ii = 2io and i 0 = —ii which leads to i 2 = -ii (2) 

For loop 3, —ii -2i 2 + 6 Í 3 = 0 which leads to 6 Í 3 = -ii (3) 

Solving (1) to (3), ii = (-54/3)A, i 2 = (54/3)A, i 3 = (27/9)A 


i„ = -ii = 18 A, from fig. (b), vq = Í 3 —3i 1 = (27/9) + 54 = 57 V. 
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For loop 1, 16i i - 1 Oi 2 - 2 Í 3 = 0 which leads to 8 i 1 - 5F — Í 3 = 0 (1) 

For the supermesh, -35 + ÍOF - 10i 1 + IOÍ3 - 2i 1 =0 

or — 6 i 1 + 5 Í 2 + 5 Í 3 = 17.5 (2) 

Also, 3i 0 = Í 3 — Í 2 and i 0 = i 1 which leads to 3ij = i 3 — Í 2 (3) 

Solving (1), (2), and (3), we obtain ii = 1.0098 and 


10 = 1! =1.0098 A 
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5 A 



For loop 1, 

ii =5A 


(1) 

For loop 2, 

-40 + 7Í2 - 2ij - 4 í 3 = 0 which leads to 50 = 7i 2 - 4i 3 

(2) 

For loop 3, 

-20 + 12i 3 - 4 í 2 = 0 which leads to 

5 — - i 2 + 3 i 3 

(3) 

Solving with (2) and (3), i 2 = 10 A, i 3 = 5 A 



And, 

vo = 4(i 2 -i 3 ) = 4(10-5) = 

20 V. 
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For mesh 1, 

2(ii - Í 2 ) + 4(ii — Í3) — 12 = 0 which leads to 3ii - i 2 - 2 Í 3 = 6 (1) 

For the supermesh, 2(i 2 — i 1 ) + 8 i 2 + 2v<) + 4 (Í 3 - ij) = 0 

But vo = 2(ii - i 2 ) which leads to -ii + 3i 2 + 2 Í 3 = 0 

( 2 ) 

For the independent current source, Í 3 = 3 + i 2 (3) 

Solving (1), (2), and (3), we obtain, 


ii = 3.5 A, i 2 = -0.5 A, Í 3 = 2.5 A. 
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Applying mesh analysis leads to; 


-12 + 4klj - 3kl 2 - lkl 3 = 0 

(1) 

-3kli + 7kl 2 - 4kl 4 = 0 


-3kli + 7kl 2 = -12 

(2) 

—lkli + 15kl 3 - 8kl 4 - 6kl 5 = 0 


—lkli + 15kl 3 - 6k = -24 

(3) 

I 4 = -3mA 

(4) 

-6kl 3 - 8kl 4 + 16kl 5 = 0 


-6kl 3 + 16kl 5 = -24 

(5) 


Putting these in matrix form (having substituted I 4 = 3mA in the above), 


“ 4 

-3 

-1 

0 “ 


"111 


' 12 ' 

-3 

7 

0 

0 

k 

h 


-12 

-1 

0 

15 

-6 




-24 

0 

0 

-6 

16 


.I 5 J 


-24 


ZI = V 

Using MATLAB, 


» Z = [4,-3,-l,0;-3,7,0,0;-l,0,15,-6;0,0,-6,16] 
Z = 

4-3-1 0 

-3 7 0 0 

-1 0 15 -6 

0 0 -6 16 

»V = [12,-12,-24,-24]' 

V = 

12 

-12 

-24 

-24 


We obtain, 


»I = inv(Z)*V 



1.6196 mA 
-1.0202 mA 
-2.461 mA 
3 mA 
-2.423 mA 



Chapter 3, Solution 54 


( 1 ) 

( 2 ) 

(3) 


2 -1 OU [ 2 

-1 3 -1 7 2 = 10 -> AI = B 

0 -1 2 JU 3 J U, 

Using MATLAB, 

“5.25“ 

1 = A l B = 8.5 -> 7, =5.25 mA, 7 2 =8.5 mA,7 3 =10.25 mA 

10.25 


Let the mesh currents be m mA. For mesh 1, 

-12 + 10 + 27,-7,-0 -> 2 = 2 7,-7 2 

For mesh 2, 

-10 + 37,-7,-73 =0 -> 10 = -7, + 37 2 -7 3 

For mesh 3, 

-12 + 27 3 - 7 2 = 0 -> 12 = -I 2 + 27 3 

Putting (1) to (3) in matrix form leads to 


7i = 5.25 mA, h = 8.5 mA, and h = 10.25 mA. 
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10 V 



8 V 


8 V 

It is evident that Ii=4 (1) 

For mesh 4, 12(14 - li) + 4(14 - I3) - 8 = 0 (2) 

For the supermesh 6(12 - li) + 10 + 2 I 3 + 4(13 - 14) = 0 

or -31 1 + 312 + 3I 3 - 2I 4 = -5 (3) 

At node c, I2 = I3 + 1 (4) 


Solving (1), (2), (3), and (4) yields, li = 4A, I 2 = 3A, I 3 = 2A, and I4 = 4A 

At node b, i 1 =1 2 — 1 1 = -IA 
At node a, Í 2 = 4 - 14 = 0A 


At node 0, Í 3 = I 4 -13 = 2A 
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+ vi - 



Forloopl, 12 = 4 ii- 2 Í 2 - 2 Í 3 which leads to 6 = 2ii — Í 2 — Í 3 (1) 

For loop 2, 0 = 6 Í 2 —2i i — 2 Í 3 which leads to 0 = -ii + 3F - Í 3 (2) 

For loop 3, 0 = 6 Í 3 - 2ii - 2i 2 which leads to 0 = -ii - F + 3 Í 3 (3) 

In matrix form (1), (2), and (3) become, 


" 2 

-1 

-f 

_i i 


" 6 " 

-1 

3 

-1 

^2 

= 

0 

-1 

-1 

3 



0 



2 -1 -1 


2 6-1 

A = 

-1 3 -1 

= 8 , A 2 = 

-1 3 -1 


-1 -1 3 


-10 3 


A 3 - 


2-16 

-13 0 

-1 -1 0 


= 24 


= 24 , therefore i 2 = Í 3 = 24/8 = 3A, 


v 1 = 2i 2 = 6 volts, v = 2 Í 3 = 6 volts 
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Assume R is in kilo-ohms. 

V, = 4kQxl5mA = 60 V. V, = 90-V, = 90-60 = 30V 

Current through R is 

i R =—i 0 V 1 = í r R -> 30=—-—(15)R 

This leads to R = 90/15 = 6 kO. 
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30 Q 



Forloopl, 120 + 40ii - IOÍ 2 = 0, which leads to -12 = 4ij — Í 2 (1) 

For loop 2, 50Í2 — 10ii — IOÍ 3 = 0, which leads to -ii + 5F - Í 3 = 0 

Forloop3, -120 - IOÍ 2 + 40Í3 = 0, which leads to 12 = -i 2 +4Í3 (3) 

Solving (1), (2), and (3), we get, ii = -3A, F = 0, and Í 3 = 3A 


( 2 ) 
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For loop 1, -80 + 30ii - 20 Í 2 + 4vo = 0, where vo = 8 OÍ 3 

or 4 = 1.5ii - Í 2 + I 6 Í 3 (1) 

For the supermesh, 60F - 20i 1 - 96 + 8 OÍ 3 - 4 vo = 0, where vo = 8 OÍ 3 

or 4.8 = -i 1 + 3í 2 - 12 Í 3 ( 2 ) 


Also, 21o = Í 3 — Í 2 and Io = F, hence, 3 Í 2 = Í 3 
(3) 

"3 -2 32 

From (1), (2), and (3), -1 3 -12 

0 3-1 



3 

-2 

32 

3 

8 

32 

3 

-2 

8 

A = 

-1 

3 

-12 

= 5, A? = -1 

4.8 

-12 

= -22.4, A 3 = -1 

3 

4.8 


0 

3 

-1 

0 

0 

-1 

0 

3 

0 


Io = i 2 = A 2 /A = -28/5 = -4.48 A 



vo = 8i 3 = (-84/5)80 = -1.0752 kvolts 
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At node 1, [(vi-0)/l] + [(vi—56)/4] + 0.5[(vi-0)/l] = 0 or 1.75vi = 14 or vi = 8 V 
At node 2, [(v 2 -56)/8] - 0.5[8/l] + [(v 2 -0)/2] = 0 or 0.625v 2 = 11 or v 2 = 17.6 V 
Pm = (vi) 2 /l = 64 watts, P?n = (v 2 ) 2 /2 = 154.88 watts, 

P 4 n = (56 - vi) 2 /4 = 576 watts, P 8 n = (56 - v 2 ) 2 /8 = 1.84.32 watts. 
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20 Q 10 Q 



At node 1, i s = (vi/30) + ((vi - v 2 )/20) which leads to 60i s = 5vi - 3v 2 (1) 

But v 2 = -5v 0 and vo = vi which leads to v 2 = -5vi 

Hence, 60i s = 5vi + 15vi = 20vi which leads to vi = 3i s , v 2 = -15i s 


io = v 2 /50 = -15i s /50 which leads to io/i s = -15/50 = -0.3 
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4kQ . 8 kQ „ 2kQ 



40 V 


We have a supermesh. Let all R be in k£~2, i in mA, and v in volts. 

For the supermesh, -100 +4ii + 8 Í 2 + 2 Í 3 + 40 = 0 or 30 = 2i 1 + 4 Í 2 + Í 3 (1) 
At node A, ii+4 = Í 2 (2) 

AtnodeB, Í 2 = 2 ii+Í 3 (3) 

Solving (1), (2), and (3), we get ii = 2 mA, Í 2 = 6 mA, and Í 3 = 2 mA. 
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10 Q A 



For the supermesh, -50 + 10ii + 5i 2 + 4i x = 0, but i x = ij. Hence, 

50=14ii+5i 2 (1) 

At node A, ii + 3 + (v x /4) = Í 2 , but v x = 2(i i - Í 2 ), hence, ii + 2 = i 2 (2) 

Solving (1) and (2) gives ii = 2.105 A and i 2 = 4.105 A 


v x = 2(i 1 - Í 2 ) = -4 volts and i x = i 2 - 2 = 2.105 amp 
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i, 50 Q A i 2 10 Q 



For mesh 2, 20Í2 - 10i i + 4io = 0 (1) 

But at node A, i Q = ij - ir so that (1) becomes ii = (16/6)Í2 

( 2 ) 

For the supermesh, -250 + 50ij + 10(i i - Í 2 ) - 4io + 40Í3 = 0 

or 28i 1 - 3F + 20i 3 = 125 

(3) 

At node B, i 3 + 0.2v 0 = 2 + i j (4) 

But, vo = IOÍ 2 so that (4) becomes i 3 = 5 + (2/3)Í2 (5) 

Solving (1) to (5), i 2 = 0.2941 A, 

v 0 = IOÍ 2 = 2.941 volts, io = ii - Í 2 = (5/3)i 2 = 490.2mA. 
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For mesh 1, 

-12 + 12 Ii - 6 I 2 - I 4 = 0 or 


For mesh 2, 

12 = 12 ^ - 6/ 2 -1 4 

( 1 ) 

For mesh 3, 

- 6 I 1 + I 6 I 2 - 8 I 3 -I 4 -I 5 = 0 

- 8 I 2 + 15I 3 -1 5 - 9 = 0 or 

( 2 ) 

For mesh 4, 

9 = —8I 2 + I 5 I 3 -I 5 

-li -12 + 7 I 4 - 2I 5 - 6 = 0 or 

(3) 

For mesh 5, 

6 = -Ii -I 2 + 7 I 4 - 2 I 5 

(4) 


-I 2 -1 3 - 2I 4 + 8I 5 - 10 = 0 or 


10 = - I 2 - / 3 - 21 4 + 8/ 5 


Casting (1) to (5) in matrix form gives 


'12 

-6 

0 

1 

0 " 



f 12 ^ 

-6 

16 

-8 

-1 

-1 

h 


0 

0 

-8 

15 

0 

-1 

I3 

= 

9 

-1 

-1 

0 

7 

-2 

I4 


6 

v 0 

-1 

-1 

-2 

8 , 

v J 5 J 


lio . 


(5) 


AI = B 


Using MATLAB we input: 

Z=[12,-6,0,-l,0;-6,16,-8,-l,-l;0,-8,15,0,-l;-l,-l,0,7,-2;0,-l,-l,-2,8] 
and V=[12;0;9;6;10] 


This leads to 


» Z=[12,-6,0,-l,0;-6,16,-8,-l,-l;0,-8,15,0,-l;-l,-l,0,7,-2;0,-l,-l,-2,8] 


Z = 


12 

-6 

0 

-1 

0 

-6 

16 

-8 

-1 

-1 

0 

-8 

15 

0 

-1 

-1 

-1 

0 

7 

-2 

0 

-1 

-1 

-2 

8 


» V =[ 12 ; 0 ; 9 ; 6 ; 10 ] 
V = 


12 



0 

9 
6 

10 

»I=inv(Z)*V 


2.1701 

1.9912 

1.8119 

2.0942 

2.2489 

Thus, 

I = [2.17,1.9912,1.8119, 2.094, 2.249] A. 
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The mesh equations are obtained as follows. 

-12 + 24 + 30^- 4I 2 - 6 I 3 - 2I 4 =0 


or 


30Ii - 41 2 - 6 I 3 - 2I 4 = -12 

24+40-4^+3012-214-615 = 0 

( 1 ) 

-41 1 + 3 OI 2 - 2 I 4 - 6 I 5 =-16 

( 2 ) 

-61 1 + 18I 3 - 4I 4 = 30 

(3) 

-2Ii - 2I 2 - 41 3 + I 2 I 4 -4h = 0 

(4) 

- 6 I 2 - 4I 4 + 18I 5 =-32 

(5) 


Putting (1) to (5) in matrix form 


"30 

-4 

-6 

-2 

0 ' 


- 12 " 

-4 

30 

0 

-2 

-6 


-16 

-6 

0 

18 

-4 

0 

1 = 

30 

-2 

-2 

-4 

12 

-4 


0 

0 

-6 

0 

-4 

! 8 _ 


_-32_ 


ZI = V 


Using MATLAB, 

» Z = [30,-4,-6,-2,0; 
-4,30,0,-2,-6; 

-6,0,18,-4,0; 

-2,-2,-4,12,-4; 
0,-6,0,-4,18] 

Z = 


30 

-4 

-6 -2 

0 

-4 

30 

0 -2 

-6 

-6 

0 

18 -4 

0 

-2 

-2 

-4 12 

-4 



0 


-6 0 -4 18 


» V = [-12,-16,30,0,-32]' 

V = 

-12 

-16 

30 

0 

-32 

»I = inv(Z)*V 
1 = 


-0.2779 A 
-1.0488 A 
1.4682 A 
-0.4761 A 
-2.2332 A 
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Consider the circuit below. 


5 A 



" 0.35 

-0.25 

0 


”-5 + 3V 0 ~ 

-0.25 

0.95 

-0.5 

V = 

0 

0 

-0.5 

0.5 


15 


Since we actually have four unknowns and only three equations, we need a constraint 
equation. 


Vo = V 2 -V 3 

Substituting this back into the matrix equation, the first equation becomes, 


0.35Vi -3.25V 2 +3V 3 =-5 


This now results in the following matrix equation, 



" 0.35 

-3.25 

3 


“-5“ 

-0.25 

0.95 

-0.5 

V = 

0 

0 

-0.5 

0.5 


15 


Now we can use MATLAB to solve for V. 


» Y=[0.35,-3.25,3;-0.25,0.95,-0.5;0,-0.5,0.5] 
Y = 


0.3500 -3.2500 3.0000 
-0.2500 0.9500 -0.5000 
0 -0.5000 0.5000 


»I=[—5,0,15]' 
1 = 


-5 

0 

15 


» V=inv(Y)*I 
V = 

-410.5262 

-194.7368 

-164.7368 


Vo = V 2 - V 3 = -77.89 + 65.89 = -30 Y. 


Let us now do a quick check at node 1. 

-3(-30) + 0.1(-410.5) + 0.25(-410.5+194.74) + 5 = 
90-41.05-102.62+48.68+5 = 0.01; essentially zero considering the 
accuracy we are using. The answer checks. 
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Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 


Problem 


Find the voltage V 0 in the circuit of Fig. 3.112. 

3 A 



24 V 


Figure 3.112 
For Prob. 3.68. 


Solution 


Consider the circuit below. There are two non-reference nodes. 


3 A 




0.125 -0.11 

V = 

+ 4 + 3 


7 

-0.1 0.19 


-3 + 24/25 


-2.04 


Using MATLAB, we get, 

» Y=[0.125,-0.1 ;-0.1,0.19] 
Y = 

0.1250 -0.1000 
-0.1000 0.1900 


»I=[7,-2.04]' 

1 = 

7.0000 

-2.0400 

» V=inv(Y)*I 
V = 

81.8909 

32.3636 

Thus, V 0 = 32.36 V. 

We can perform a simple check at node V 0 , 


3 + 0.1(32.36-81.89) + 0.05(32.36) + 0.04(32.36-24) = 
3 - 4.953 + 1.618 + 0.3344 = - 0.0004; answer checks! 
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Assume that all conductances are in mS, all currents are in mA, and all voltages are in 
volts. 


Gn = (1/2) + (1/4) + (1/1) = 1.75, G 22 = (1/4) + (1/4) + (1/2) = 1, 
G 33 = (1/1) + (1/4) = 1.25, G 12 = -1/4 = -0.25, G i3 = -1/1 = -1, 
G 2 i = -0.25, G 23 = -1/4 = -0.25, G 3 i=-1, G 32 =-0.25 

ii = 20, i 2 = 5, and i 3 = 10 — 5 = 5 

The node-voltage equations are: 


' 1.75 

-0.25 

-1 

M 


'20' 

-0.25 

-1 

1 

-0.25 

-0.25 

1.25 

1 

^ rí 

ks> 

1_ 

— 

5 

5 
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"3 0“ 


[41+201 


V = 


0 5[ 


_ -4I x -7_ 


With two equations and three unknowns, we need a constraint equation, 


I x = 2Vi, thus the matrix equation becomes, 


-5 

8 



20 

-7 


This results in Vi = 20/(-5) = -4 V and 
V 2 = [-8(-4) - 7]/5 = [32 - 7]/5 = 5 V. 
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" 9 

-4 

-5] 


“ 30 “ 

-4 

7 

-1 

1 = 

-15 

-5 

-1 

9 


0 


We can now use MATLAB solve for our currents. 


» R=[9-4,-5;—4,71 ;-5 ,-1,9] 


R = 

9 -4 -5 
-4 7 -1 

-5 -1 9 


» V=[30,-15,0]' 

V = 

30 

-15 

0 

»I=inv(R)*V 
1 = 

6.255 A 
1.9599 A 
3.694 A 



Chapter 3, Solution 72 


Rn —5 + 2 — 7, R-22 — 2 + 4 — 6, R33 — 1+4 — 5, R44 —1 + 4 — 5, 
Ri 2 = -2, R13 = 0 = R i 4 , R21 = -2, R23 = -4, R24 = 0 , R31 = 0 , 

R32 = -4, R34 = -1, R41 = 0 = R42, R43 = -1, we note that Ry = Rjj for 
all i not equal to j. 

vi = 8, v 2 = 4, v 3 = -10, and v 4 = -4 
Hence the mesh-current equations are: 


1 

"4 

1 

O 

O 

_1 

V 


8 ' 

-26-40 

h 


4 

0-45-1 

*3 


-10 

0 0-15 

_*4_ 


-4 
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Rn —2 + 3 +4 — 9, R22 — 3 + 5 — 8, R33 — 1 + 1 +4 — 6, R44 — 1 + 1—2, 
Ri2 = - 3 , Ri3 = - 4 , Rh = 0 , R23 = 0 , R24 = 0 , R34 = - 1 


v 1 = 6, v 2 = 4, v 3 = 2, and v 4 = -3 


Hence, 


' 9 

-3 

-4 

0 ' 

h 


' 6 ' 

-3 

8 

0 

0 

*2 


4 

-4 

0 

6 

-1 

*3 


2 

0 

0 

-1 

2 

_*4_ 


- 3 
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Rn = Ri + R4 + Rój R22 = R2 + R4 + R5, R33 = Ré + R7 + Rs> 

R44 = R3 + R5 + Rs, R12 ■ -R4, Rl 3 :: -Ró, Rl4 = 0 , R23 = 0 , 

R24 = -R 5 , R34 = -Rg, again, we note that Ry = Rjj for all i not equal to j. 


The input voltage vector is = 


V, 

-V 2 

V 3 

- V 4 


Ri + /? 4 + R 6 

-«4 

-r 6 

0 

íi 


' Vi ' 

-*4 

R 2 +r 4 + r s 

0 

-Rs 

h 


-V 2 

-r 6 

0 

R 6 + R 7 + R 8 

-Rs 

*3 


V 3 

0 

~R S 

-Rs 

R} + R s + R*_ 

.* 4 . 


1 

1 

_1 
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* Schematics Netlist * 


I 

12 

0 $N 0001 DC 4A 



R 

RI 

$N 0002 

$N 

0001 

0 . 

25 

R 

R3 

$N 0003 

$n" 

0001 

1 


R 

R2 

$N 0002 

$n" 

0003 

1 


F 

F1 

$N 0002 

$n" 

0001 

VF 

_F! 

VF F1 

$N 0003 

$n" 

0004 

OV 


R 

R4 

0 $N 0002 

0.5 



R 

R6 

0 $N 0001 

0.5 



I 

"il 

0 $N 0002 DC 2A 



R 

R5 

0 $N_00 04 

0.25 





Clearly, vi = 625 mVolts, v 2 = 375 mVolts, and v 3 = 1.625 volts, which agrees with 
the solution obtained in Problem 3.27. 




1 
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5 

RI 



As a check we can write the nodal equations, 


1.7 

- 1.2 



Solving this leads to Vi = 3.111 V and V 2 = 1.4444 V. The answer checks! 
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The schematic is shown below. When the circuit is saved and simulated the node 
voltages are displayed on the pseudocomponents as shown. Thus, 

V, = -3V, V 2 = 4.5V, V 3 = -15V, 


VI 



OV 


4 . 500 V 
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The schematic is shown below. When the circuit is saved and simulated, we obtain the 
node voltages as displayed. Thus, 

V a = -10.556 volts; V b = 20.56 volts; V c = 1.3889 volts; and V d = -43.75 volts. 



-10.556 V 
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* Schematics Netlist * 


H 

Hl 

$N 

CM 

O 

O 

O 

$N 

ro 

0 

0 

0 

VH_H1 6 

VH Hl 

0 

$N 0001 

ov 


I 

11 

$N 

0004 

$N 

LO 

O 

O 

O 

DC 8A 

V 

"vi 

$N 

0002 

0 : 

20 V 


R 

~R4 

0 

$N 0003 

4 


R 

"ri 

$N 

0005 

$N 

0003 

10 
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Clearly, vi = 84 volts, v 2 = 4 volts, V3 = 20 volts. and V4 =-5.333 volts 
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R5 -46.67V 



Clearly, vi = 26.67 volts, v 2 = 6.667 volts, v 3 = 173.33 volts, and v 4 = -46.67 volts 
which agrees with the results of Example 3.4. 


This is the netlist for this circuit. 


* Schematics Netlist * 

R_R1 0 $N_0001 2 

R_R2 $N_0 0 03 $N_0 0 02 6 

R_R3 0 $N_00 02 4 

R_R4 0 $N_0 0 04 1 

R_R5 $N_0 0 01 $N_0 0 04 3 

I_I1 0 $N_00 03 DC 10A 

V_V1 $N_0 0 01 $N_00 03 2 0V 

E El $N 0002 $N 0004 $N 0001 $N 0004 3 
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The circuit is shown below. 



When the circuit is saved and simulated, we obtain V 2 = -12.5 volts 
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From the output loop, v 0 = 50i 0 x20xl0 3 = 10 6 i 0 (1) 

From the input loop, 15x10 3 + 4000i 0 - v 0 /100 = 0 (2) 

From (1) and (2) we get, io = 2.5 pA and v 0 = 2.5 volt. 
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The amplifier acts as a source. 





For maximum power transfer, 
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Let vi be the potential across the 2 k-ohm resistor with plus being on top. Then, 
Since i = [(0.047-vO/lk] 

[(v,-0.047)/lk] - 400[(0.047-Vi)/lk] + [(v,-0)/2k] = 0 or 

40l[(vj-0.047)] + 0.5vi = 0 or 401.5V! = 401x0.047 or 
Vi = 0.04694 volts and i = (0.047-0.04694)/lk = 60 nA 

Thus, 

v 0 = -5000x400x60x10 ° = -120 mV. 
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V! - 500(v s )/(500 + 2000) = v s /5 

vo = -400(60v 0/(400 + 2000) = -40vj = -40(v s /5) = -8v s , 

Therefore, v 0 /v s = -8 



Chapter 3, Solution 88 

Let V] be the potential at the top end of the 100- ohm resistor. 

(v s - v,)/200 = V| /100 + (v, - IO"V 0 )/2000 (1) 

For the right loop, v 0 = -40i 0 (10,000) = -40(vi - 10 3 ) 10,000/2000, 

or, v 0 = -200v! + 0.2v 0 = -4xlO- 3 v 0 (2) 

Substituting (2) into (1) gives, (v s + 0.004vi)/2 = -0.004v 0 + (-0.004v! - 0.001v 0 )/20 
This leads to 0.125v 0 = 10v s or (v 0 /v s ) = 10/0.125 = -80 



Chapter 3, Solution 89 

Consider the circuit below. 



For the left loop, applying KVL gives 

-2.25 - 0.7 + 10 5 I b + Vbe = 0 but V BE = 0.7 V means 10 5 I B = 2.25 or 


I B = 22.5 pA. 


For the right loop, -Vce + 15 - IcxlO 3 = 0. Addition ally, Ic = pis = 100x22.5x10 6 
2.25 mA. Therefore, 


Vce = 15-2.25x10“ 3 x10 3 = 12.75 V. 
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lkQ 



For loop 1, -v s + 10k(I B ) + V BE + I E (500) = 0 = -v s + 0.7 + 10,000I B + 500(1 + p)I B 
which leads to v s + 0.7 = 10,000I B + 500(151)I B = 85,500I B 
But, v 0 = 500 I e = 500x151I B = 4 which leads to I B = 5.298x10 5 
Therefore, v s = 0.7 + 85,500I B = 5.23 volts 



Chapter 3, Solution 91 

We first determine the Thevenin equivalent for the input circuit. 

R xh = 6112 = 6x2/8 = 1.5 kQ and V Th = 2(3)/(2+6) = 0.75 volts 


5kQ 



For loop 1, -0.75 + 1.5kI B + V BE + 400I E = 0 = -0.75 + 0.7 + 1500I B + 400(1 + P)I B 
I B = 0.05/81,900 = 0.61 pA 
v 0 = 400 I e = 400(1 + P)I B = 49 mV 

For loop 2, -400 I e - V CE - 5kl c + 9 = 0, but, I c = pi B and I E = (1 + P)I B 
V CE = 9 - 5kpi B - 400(1 + P)I B = 9 - 0.659 = 8.641 volts 



Chapter 3, Solution 92 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find/g and Vc for the circuit in Fig. 3.128. Let /?= 100, V be = 0.7V. 


5 kíl 



Figure 3.128 

Solution 


Ij 5kQ 



li = Ib + Ic = (1 + P)Ib an( l Ie = Ib + Ic = li 




























Applying KVL around the outer loop, 


4kI E + Vbe + 10kI B + 5klj = 12 

12 - 0.7 = 5k(l + p)I B + 10kI B + 4k(l + p)I B = 919kI B 

I B = 11.3/919k= 12.296 pA 

Also, 12 = 5kIi+Vc which leads to Vc = 12 - 5k(101)lB = 5.791 volts 
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From (b), -vi + 2i - 3v 0 + v 2 = 0 which leads to i = (vi + 3v 0 - v 2 )/2 
At node 1 in (a), ((24 - vi)/4) = (vi/2) + ((vi +3v 0 - v 2 )/2) + ((vi - v 2 )/l), where v 0 = v 2 
or 24 = 9v i which leads to v i = 2.667 volts 
At node 2, ((vi - v 2 )/l) + ((vi + 3v 0 - v 2 )/2) = (v 2 /8) + v 2 /4, v 0 = v 2 

v 2 = 4vi = 10.66 volts 

Now we can solve for the currents, ij = vj/2 = 1.333 A, i 2 = 1.333 A, and 


i 3 = 2.6667 A. 




Chapter 4, Solution 1. 



40|(25 +15) = 20Q, i = [30/(5+20)] = 1.2 and i G = Í20/40 = 600 mA. 

Since the resistance remains the same we get can use linearity to find the new 
value of the voltage source = (30/0.6)5 = 250 V. 



4.2 Using Fig. 4.70, design a problem to help other students better understand linearity. 


Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find v 0 in the circuit of Fig. 4.70. If the source current is reduced to 1 //A, what is v 0 ? 

5 Q 4 Q 



- 1 — VWv — 

— m — I 


[) 8Q | 6Q: 

2Q < 


Figure 4.70 


Solution 


6||(4 + 2) = 3Q, i,=i 2 =ÍA 
i.=h,=j. v o “ 2i 0 = 0j5V 



If i s = lpA, then v 0 = 0.5pV 





















Chapter 4, Solution 3. 



(a) We transform the Y sub-circuit to the equivalent A. 

R||3R = — = -r, -r + -r=-r 
11 4R 4 4 4 2 

v, 

Y o = ~ independent of R 
i 0 = v 0 /(R) 

When v s = IV, v Q = 0.5V, i G = 0.5A 

(b) When v s = 10V, v G = 5V, i 0 = 5A 

(c) When v s = 10V and R = 10Q, 

v G = 5V,i 0 = 10/(10)= 500mA 



Chapter 4, Solution 4. 

If I 0 = 1, the voltage across the 6Q resistor is 6V so that the current through the 3Q 
resistor is 2A. 


2 Q 2 Q 




(a) (b) 

3||6 = 2Q, v 0 = 3(4) = 12V, h=^ = 3A - 
Hence I s = 3 + 3 = 6A 

If I s = 6A-► I 0 = 1 

I S = 9A-► I 0 = 9/6 = 1.5A 





Chapter 4, Solution 6. 


Due to linearity, from the first experiment, 



Applying this to other experiments, we obtain: 


Experiment V s V 0 


2 

48 

16 V 

3 

1 V 

0.333 V 

4 

-6 V 

-2V 







Chapter 4, Solution 7. 

If V 0 = IV, then the current through the 2-Q and 4-Q resistors is Vi = 0.5. The voltage 
across the 3-Q resistor is Vi (4 + 2) = 3 V. The total current through the 1-Q resistor is 
0.5 +3/3 = 1.5 A. Hence the source voltage 

v s = 1x1.5+ 3 = 4.5 V 

If v s = 4.5 -> V 

Then v c = 4 -> — x4 = 0.8889 V = 888.9 mV. 

s 4.5 - 



1 


Chapter 4, Solution 8. 

Let V 0 = Vi + V 2 , where V 1 and V 2 are due to 9-V and 3-V sources respectively. To 
find Vi, consider the circuit below. 


Vi 



To find V 2 , consider the circuit below. 



Vo = Vi +V 2 = 4.1538 V 



Chapter 4. Solution 9. 


Given that 1 = 4 amps when V s = 40 volts and I s = 4 amps and 1=1 amp when V s = 20 volts and 
I s = 0, determine the value of I when V s = 60 volts and I s = -2 amps. 



At first this appears to be a difficult problem. However, if you take it one step at a time then it is 
not as hard as it seems. The important thing to keep in mind is that it is linear! 

If I = 1 amp when V s = 20 and I s = 0 then 1 = 2 amps when V s = 40 volts and I s = 0 (linearity). 
This means that I is equal to 2 amps (4-2) when I s = 4 amps and V s = 0 (superposition). Thus, 

I = (60/20)1 + (-2/4)2 = 3-1 =2 amps. 




Chapter 4, Solution 10. 


Using Fig. 4.78, design a problem to help other students better understand superposition. Note, 
the letter k is a gain you can specify to make the problem easier to solve but must not be zero. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the circuit in Fig. 4.78, find the terminal voltage V a b using superposition. 



Figure 4.78 
For Prob. 4.10. 

Solution 

Let v a b = vabi + v a b 2 where v ab i and v a b 2 are due to the 4-V and the 2-A sources respectively. 




For vabi, consider Fig. (a). Applying KVL gives, 

- vabi - 3 Vabi + 10x0 + 4 = 0, which leads to v ab i = 1 V 


For v a b 2 , consider Fig. (b). Applying KVL gives, 






















-v a b 2 - 3v a b2 + 10x2 = 0, which leads to v a b 2 = 5 


Vab = 1 + 5 = 6 V 



Chapter 4, Solution 11. 

Let v 0 = vi + V 2 , where vj and v 2 are due to the 6-A and 80-V sources respectively. To 
find Vi, consider the circuit below. 


!i 10 Q 20 Cl 



At node a, 

6 = — + Vg ~ Vb -> 240 = 5v a - 4v b (1) 

40 10 a b 

At node b, 

-li - 41 1 + (v b - 0)/20 = 0 or v b = lOOIi 

But L = ——— which leads to 100(v a -v b )10 = v b or v b = 0.9091v a (2) 

10 

Substituting (2) into (1), 

5v a - 3.636v a = 240 or v a = 175.95 and v b = 159.96 
However, vi = v a - v b = 15.99 V. 


To find V 2 , consider the circuit below. 



O-Vç 

50 


+ 4i 0 + 


(-30-v c ) 
20 


= 0 


But I 


o 


(O-Vç) 

50 


5v c (30 +v c ) __ Q 
50 20 

_ 0-v c _ 0 + 10 _ 1 
' 2 “ 50 ~ 50 “5 
v 2 = 10 i 2 = 2 V 


v c =-10 V 


v 0 = Vj + v 2 =15.99 + 2 = 17.99 V and i G = v o /10= 1.799 A. 




Chapter 4, Solution 12. 

Let v 0 = v 0 i + vo? + Vq 3 , where v 0 i, v 0 2 , and v 0 3 are due to the 2-A, 12-V, and 19-V sources 
respectively. For v Q i, consider the circuit below. 



3 Q 

3118 = 24/11, v i = [(24/11)/(6 + 24/11)] 12 = 16/5 
v o2 = (5/8)vj = (5/8)(16/5) = 2V 
For Vq 3 , consider the circuit shown below. 


5 Q 4 Q 5 Q 4 Q 



71112 = (84/19) ohms, v 2 = [(84/19)/(4 + 84/19)] 19 = 9.975 
v = (-5/7)v2 = -7.125 


Vo = 5 + 2-7.125 = -125 mV 





Chapter 4, Solution 13. 


Let V 0 = V-l + V 2 + V 3 , where v i, V 2 , and V 3 are due to the independent sources. 
find Vi, consider the circuit below. 


8 O 



v, = 5x-—-x2 = 4.3478 

1 10+8+5 

To find V 2 , consider the circuit below. 


4 A 



v 2 = 5x---x4 = 6.9565 

2 8 + 10+5 

To find V3, consider the circuit below. 




Chapter 4, Solution 14. 


Let v 0 = Voi + v 0 2 + Vq 3 , where v 0 i, v 0 2 , and v 0 3 , are due to the 20-V, 1-A, and 2-A sources 
respectively. For v 0 i, consider the circuit below. 

6 Q 



3116 = 2 ohms, v o2 = [2/(4 + 2 + 2)]4 = 1 V 


For v 0 3 , consider the circuit below. 

6 Q 



611(4 + 2) = 3, v 0 3 = (-1)3 = -3 
Vo = 10+1-3 = 8V 





Chapter 4, Solution 15. 


Let i = ii + Í 2 + Í 3 , where ii , Í 2 , and Í 3 are due to the 20-V, 2-A, and 16-V sources. 
For ii, consider the circuit below. 


io 



411(3 + 1) = 2 ohms, Then i G = [20/(2 + 2)] = 5 A, U = i 0 /2 = 2.5 A 
For Í 3 , consider the circuit below. 



16V 


211(1 + 3) = 4/3, v 0 ’ = [(4/3)/((4/3) + 4)](-16) = -4 
i 3 = v 0 74 = -1 


For Í 2 , consider the circuit below. 




2114 = 4/3, 3 + 4/3 = 13/3 






Using the current division principie. 


i 2 = [1/(1 + 13/2)]2 = 3/8 = 0.375 
i = 2.5 + 0.375 - 1 = 1.875 A 
p = i 2 R = (1.875) 2 3 = 10.55 watts 



Chapter 4, Solution 16. 

Let io = ioi + i 0 2 + io 3 , where i 0 i, i 0 2 , and i 0 3 are due to 

the 12-V, 4-A, and 2-A sources. For i 0 i, consider the circuit below. 



1011(3 + 2 + 5) = 5 ohms, i ol = 12/(5+ 4) = (12/9) A 



2 + 5 + 41110 = 7 + 40/14 = 69/7 
ii = [3/(3 + 69/7)]4 = 84/90, i o2 =[-10/(4 + 10)]ii = -6/9 



i 2 = [5/(5 + 55/7)]2 = 7/9, i o3 = [-10/(10 + 4)]i 2 = -5/9 


io = (12/9)-(6/9)-(5/9) = 1/9 = 111.11 mA 




Chapter 4, Solution 17. 


Let v x = Vxi + v x 2 + v X 3 , where v x i,v x 2 , and v X 3 are due to the 90-V, 6-A, and 40-V 
sources. For v x i, consider the circuit below. 


30 Q 10 Q 20 Q 



201130 = 12 ohms, 601130 = 20 ohms 
By using current division, 

i 0 = [20/(22 + 20)]3 = 60/42, v xl = 10i o = 600/42 = 14.286 V 


For v X 2 , consider the circuit below. 



i 0 ’ = [12/(12+ 30)]6 = 72/42, v x2 = -10i o ’ =-17.143 V 
For v X 3 , consider the circuit below. 



i 0 ” = [12/(12+ 30)]2 = 24/42, v x3 = -10i o ” = -5.714= [12/(12 + 30)]2 = 24/42, 

v x3 = -10io” = -5.714 

= [12/(12 + 30)]2 = 24/42, v x3 = -10i o ” = -5.714 
v x = 14.286- 17.143-5.714 = -8.571 V 







Chapter 4, Solution 18. 


Let Vo = Vi + V 2 , where Vi and V 2 are due to 10-V and 2-A sources respectively. To 
find Vi, we use the circuit below. 


1 Q 



V 



-10 + 7i - 0.5V i =0 

But V i = 4i 

10 = 7i - 2i = 5i 


■> i = 2, V 1 = 8V 

























To find V 2 , we use the circuit below. 


1 Q 



V 



-4 + 7i-0.5V 2 =0 
But V 2 = 4i 

4 = 7i-2i = 5i -> i = 0.8, V 2 = 4i = 3.2 

V 0 = Vi +V 2 = 8 +3.2 =11.2 V 


























Chapter 4, Solution 19. 

Let v x = vi + v 2 , where vi and v 2 are due to the 4-A and 6-A sources respectively. 



4ix - 4i x - 

(a) (b) 

To find vi, consider the circuit in Fig. (a). 

Vi/8 - 4 + (vi - (—4i x ))/2 = 0 or (0.125+0.5)vi = 4 - 2i x or vi = 6.4 - 3.2i x 
But, i x = (vi — (—4i x ))/2 or i x = -0.5vi. Thus, 

Vi = 6.4 + 3.2(0.5vi), which leads to vi = -6.4/0.6 =-10.667 

To find V 2 , consider the circuit shown in Fig. (b). 

v 2 /8 - 6 + (v 2 - (— 4i x ))/2 = 0 or v 2 + 3.2i x = 9.6 
But i x = -0.5v 2 . Therefore, 

v 2 + 3.2(-0.5v 2 ) = 9.6 which leads to v 2 = -16 
Hence, v x = -10.667 - 16 = -26.67V. 

Checking, 

i x = -0.5v x = 13.333A 

Now all we need to do now is sum the currents flowing out of the top node. 

13.333 - 6 - 4 + (-26.67)78 = 3.333 - 3.333 = 0 



Chapter 4, Solution 20. 


Convert the voltage sources to current sources and obtain the Circuit shown below. 



leq = 3 + 0.6 + 0.4 = 4 

Thus, the Circuit is reduced as shown below. Please note, we that this is merely an 
exercise in combining sources and resistors. The Circuit we have is an equivalent circuit 
which has no real purpose other than to demonstrate source transformation. In a practical 
situation, this would need some kind of reference and a use to an externai circuit to be of 
real value. 


5.714 Q 




4.21 Using Fig. 4.89, design a problem to help other students to better understand source 
transformation. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Apply source transformation to determine v 0 and i 0 in the circuit in Fig. 4.89. 


'o 6Q 



Figure 4.89 


Solution 

To get i 0 , transform the current sources as shown in Fig. (a). 




(b) 


From Fig. (a), -12 + 9i 0 + 6 = 0, therefore i 0 = 666.7 mA 

To get v 0 , transform the voltage sources as shown in Fig. (b). 


i = [6/(3 + 6)] (2 + 2) = 8/3 


v 0 = 3i = 8V 


















Chapter 4, Solution 22. 

We transform the two sources to get the circuit shown in Fig. (a). 


5 Q 5 Q 



(a) 



We now transform only the voltage source to obtain the circuit in Fig. (b). 


101110 = 5 ohms, i = [5/(5 + 4)](2 - 1) = 5/9 = 555.5 mA 





Chapter 4, Solution 23 

If we transform the voltage source, we obtain the circuit below. 


8Q 



3//6 = 2-ohm. Convert the current sources to voltages sources as shown below. 

10Q 8Q " 2Q 



Applying KVL to the loop gives 
- 30 +10 + 7(10 + 8 + 2) = 0 -> I = 1 A 

P = VI=I 2 R= 8 W 




Chapter 4, Solution 24. 


Transform the two current sources in parallel with the resistors into their voltage source 
equivalents yield, 

a 30-V source in series with a 10-Í2 resistor and a 20V X -V sources in 
series with a 10-Í2 resistor. 

We now have the following circuit, 



We now write the following mesh equation and constraint equation which will lead to a 
solution for V x , 


281 - 70 + 20V X = 0 or 281 + 20V X = 70, but V x = 81 which leads to 
281 + 1601 = 70 or I = 0.3723 A or V x = 2.978 V. 



Chapter 4, Solution 25. 

Transforming only the current source gives the circuit below. 



2Q 30 V 

Applying KVL to the loop gives, 

-(4 + 9 + 5 + 2)i + 12 - 18 - 30 - 30 = 0 
20i = -66 which leads to i = -3.3 

Vo = 2i = -6.6 V 






Chapter 4, Solution 26. 


Transforming the current sources gives the circuit below. 


2Q 

TvVv 


15 V 



5 Q i 0 4Q 

AA A - t A AA 



-12 + 1 li 0 -15 +20 = 0 or 1 lio = 7 or i 0 = 636.4 tn A 



Chapter 4, Solution 27. 

Transforming the voltage sources to current sources gives the circuit in Fig. (a). 

101140 = 8 ohms 

Transforming the current sources to voltage sources yields the circuit in Fig. (b). 
Applying KVL to the loop, 

-40 + (8 + 12 + 20)i + 200 = 0 leads to i = -4 
v x 12i = -48 V 


12 Q 



8 Q 12 Q 20 Q 





200V 


(b) 







Chapter 4, Solution 28. 


Convert the dependent current source to a dependent voltage source as shown below. 



Applying KVL, 

-8+i o (l+4+3)-V o =0 

But V 0 = 4i 0 

-8+8Í o -4i o =0 -> Í 0 =2A 



Chapter 4, Solution 29. 


Transform the dependent voltage source to a current source as shown in Fig. (a). 2114 = 
(4/3) k ohms 


4kQ 




It is clear that i = 3 mA which leads to v Q = lOOOi = 3 V 

If the use of source transformations was not required for this problem, the actual answer 
could have been determined by inspection right away since the only current that could 
have flowed through the 1 k ohm resistor is 3 mA. 



Chapter 4, Solution 30 


Transform the dependent current source as shown below. 


i x 24 Q 60 Q 10Q 



Combine the 60-ohm with the 1 O-ohm and transform the dependent source as shown 
below. 


i x 24 Q 



Combining 30-ohm and 70-ohm gives 30//70 = 70x30/100 = 21 -ohm. Transform the 
dependent current source as shown below. 

i x 24 Q 21Q 



Applying KVL to the loop gives 


45/ -12 + 2.11- =0 


i 


-= 254.8 mA. 

47.1 






Chapter 4, Solution 31. 


Transform the dependent source so that we have the circuit in 

Fig. (a). 6118 = (24/7) ohms. Transform the dependent source again to get the circuit in 
Fig. (b). 


3 Q 



(a) 

3 Q (24/7) Q 



(b) 


From Fig. (b), 

v x = 3i, or i = v x /3. 

Applying KVL, 

-12 + (3 + 24/7)i + (24/21)v x = 0 

12 = [(21 + 24)/7]v x /3 + (8/7)v x , leads to v x = 84/23 = 3.652 V 



Chapter 4, Solution 32. 

As shown in Fig. (a), we transform the dependent current source to a voltage source, 



(c) 


In Fig. (b), 501150 = 25 ohms. Applying KVL in Fig. (c), 
-60 + 40i x - 2.5i x = 0, or i x = 1.6 A 






Chapter 4, Solution 33. 


Determine the Thevenin equivalent circuit as seen by the 5 -ohm resistor. Then calculate 
the current flowing through the 5 -ohm resistor. 



Solution 


Step 1. We need to fmd V oc and I sc . To do this, we will need two circuits, labei 

the appropriate unknowns and solve for V oc , I sc , and then R eq which is equal to V 0C /I S c- 

Vl 10Q V 2 10Q 




Note, in the First case Vi = V oc and the nodal equation at 1 produces -4+(Vi-0)/10 = 0. 

In the second case, I sc = (V 2 -0)/10 where the nodal equation at 2 produces, 

-4+[( V 2-0)/ 1 0]+[( V 2-0)/ 1Õ] = 0. 

Step 2. O.lVi =4orVi =40 V = Voc = VThev. Next, (0.1+0.1)V 2 = 4 or 0.2V 2 = 

4 or V 2 = 20 V. Thus, I sc = 20/10 = 2 A. This leads to R eq = 40/2 = 20 Í2. We can check 
our results by using source transformation. The 4-amp current source in parallel with the 
1 0-ohm resistor can be replaced by a 40-volt voltage source in series with a 1 0-ohm 
resistor which in turn is in series with the other 1 0-ohm resistor yielding the same 
Thevenin equivalent circuit. Once the 5 -ohm resistor is connected to the Thevenin 
equivalent circuit, we now have 40 V across 25 Q producing a current of 1.6 A. 






4.34 Using Fig. 4.102, design a problem that will help other students better understand Thevenin 
equivalent circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the Thevenin equivalent at terminais a-b of the circuit in Fig. 4.102. 


3 A 



Figure 4.102 


Solution 

To find R T h, consider the circuit in Fig. (a). 


10 Q 

-AA/V- 


20 Q 

-A/W—• 


40 Q- 


3 A 



(a) 


(b) 


R Th = 20 + 101140 = 20 + 400/50 = 28 ohms 
To find Vxhj consider the circuit in Fig. (b). 




























At node 1, (40 - vi)/10 = 3 + [(vi - V2)/20] + vi/40, 40 = 7vi - 2v 2 


( 1 ) 


At node 2, 3 + (vl-v2)/20 = 0, or vl = v2 - 60 

Solving (1) and (2), Vi = 32 V, v 2 = 92 V, andV T h = v 2 = 92 V 


( 2 ) 



Chapter 4, Solution 35. 


To find Rih. consider the circuit in Fig. (a). 

R xh = R ab = 6113 + 12114 = 2 + 3 =5 ohms 
To find Vxh, consider the circuit shown in Fig. (b). 

Rtíi 



(a) 

2 A 



(b) 


Atnodel, 2 + (12 - Vi)/6 = Vi/3, or vi = 8 
Atnode2, (19-V2)/4 = 2 + v 2 /12, or v 2 = 33/4 


But, 


-v i + Vxh + v 2 — 0, or Vxh — v i — v 2 — 8 — 33/4 — -0.25 






V 0 u 

a + - b 

m A A A a 

< 

R n, = 5 Q< 

• vvv • 

10 Q 

> 

> 

> 


kzJ 


Vxh = (- 

Vo = V Th /2 = -0.25/2 = -125 i 



Chapter 4, Solution 36. 

Remove the 30-V voltage source and the 20-ohm resistor. 



From Fig. (a), Rxh = 101140 = 8 ohms 

FromFig. (b), V Th = (40/(10 + 40))50 = 40V 



(c) 


The equivalent circuit of the original circuit is shown in Fig. (c). Applying KVL, 


30 - 40 + (8 + 12)i = 0, which leads to i = 500mA 






Chapter 4, Solution 37 


Rn is found from the circuit below. 

20 Q 



In is found from the circuit below. 



Applying source transformation to the current source yields the circuit below. 


200 40 Q + 80 V - 



Applying KVL to the loop yields 
-120 + 80 + 60/^=0 -> I N =40/60= 666.7 mA. 






Chapter 4, Solution 38 


We find Thevenin equivalent at the terminais of the 10-ohm resistor. For Rxh, consider 
the circuit below. 



R rh =1 + 5 //(4 +16) = 1 + 4 = 5Q 
For Vxh, consider the circuit below. 


1Q 



3 = ^ + ^ 


48 = 5V, - 4V 2 


( 1 ) 


At node 2, 


Vi ~V 2 , 12-V 2 


48 = -5V, + 9V 2 


Solving (1) and (2) leads to 
V Th =V 2 =19.2 


( 2 ) 




Thus, the given circuit can be replaced as shown below. 





Chapter 4, Solution 39. 

We obtain Rjh using the circuit below. 


10 Q 16 



R Thev = 16 + (20115) = 16 + (20x5)/(20+5) = 20 O 
To find Vxh, we use the circuit below. 


3 A 



At node 2, 


V, - Vo V, 

——— = 3 + — - > 60 = 2V, - 6V 2 

10 5 12 


( 2 ) 



Substracting (1) from (2) gives 


But 


6 = -5V 2 or V 2 = -1.2 V 


-V 2 + 16x3 + VThev = 0 or VThev = -(48 + 1.2) = -49.2 V 



Chapter 4, Solution 40. 


To obtain V T h, we apply KVL to the loop. 

-70 + (10 + 20)kl + 4V 0 =0 

But V 0 = 10kl 

70 = 70kl -> I = ImA 

-70 + 10kl += 0 -> V^=60V 

To find R[h - we remove the 70-V source and apply a 1-V source at terminais a-b, as 
shown in the circuit below. 


Ii 


a 



20 Q 


4 V 


O 


We notice that V 0 = -1 V. 

-1+ 20^+ 4V 0 =0 

l 2 = L+ — = 0.35 mA 
2 1 10k 


■> I^O^mA 


^lh 



-kQ = 2.857 kQ 

0.35 - 



Chapter 4, Solution 41 


To find R i h - consider the circuit below 


14Q 



R rh = 5//(14 + 6) = 40 = R n 

Applying source transformation to the 1-A current source, we obtain the circuit below. 


60 - 14V+ 140 V Th 



At node a, 

14 + 6-y r; , V TI 

6 + 14 5 


V Th = -8 V 


J N = ^ = (-8)/4 = -2A 

^Th 

Thus, 


R Th =R n = 40, V Th = -8V, I N = -2 A 




Chapter 4, Solution 42. 


To find Rih, consider the Circuit in Fig. (a). 


20 n 



(a) (b) 


20||20 = 10 ohms. Transform the wye sub-network to a delta as shown in Fig. (b). 

10||30 = 7.5 ohms. R T h = Rab = 30||(7.5 + 7.5) = 10 ohms. 

To find Vih, we transform the 20-V (to a current source in parallel with the 20 Q resistor and 
then back into a voltage source in series with the parallel combination of the two 20 Q resistors) 
and the 5-A sources. We obtain the Circuit shown in Fig. (c). 



(c) 

Forloopl, -30 + 50 + 30ii - 10i 2 = 0, or -2 = 3ii — i 2 (1) 

Forloop2, -50 - 10 + 30io - 10ii = 0, or 6 = -ii+3i 2 (2) 

Solving (1) and (2), ii = 0, i 2 = 2 A 

Applying KVL to the output loop, -v a b - 10ii + 30 - 10i 2 = 0, v a b = 10 V 


Vjh = V ab = lOvoltS 




Chapter 4, Solution 43. 

To find Rih. consider the circuit in Fig. (a). 


R+h 



(b) 

Rxh = 101110 + 5 = lOohms 
To find Vxh, consider the circuit in Fig. (b). 

v b = 2x5 = 10 V, v a = 20/2 = 10 V 
But, -v a + V T h + v b = 0, or V T h = v a -v b = 0 volts 





Chapter 4, Solution 44. 

(a) For R T h, consider the circuit in Fig. (a). 

Rxh = 1 + 411(3 + 2 + 5) = 3.857 ohms 
For V T h, consider the circuit in Fig. (b). Applying KVL gives, 

10 - 24 + i(3 + 4 + 5 + 2), or i = 1 
Vxh = 4i = 4 V 




R xh = 511(2 + 3 + 4) = 3.214 ohms 





To get V T h, consider the circuit in Fig. (d). At the node, KCL gives, 


[(24 - vo)/9] + 2 = vo/5, or vo = 15 
V Th = vo = 15 V 



Chapter 4, Solution 45. 

For Rn, consider the circuit in Fig. (a). 

6 Q 6 Q 



For In, consider the circuit in Fig. (b). The 4-ohm resistor is shorted so that 4-A current is 
equally divided between the two 6-ohm resistors. Hence, 

In = 4/2 = 2 A 



Chapter 4, Solution 46. 


Using Fig. 4.113, design a problem to help other students better understand Norton 
equivalent circuits. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Find the Norton equivalent at terminais a-b of the circuit in Fig. 4.113. 


10 Q 



Figure 4.113 For Prob. 4.46. 


Solution 

Rn is found using the circuit below. 


10 Q 




Rn = 20//(10+10) = 10 Q 

To find I N , consider the circuit below. 

10 Q 



The 20-Q resistor is short-circuited and can be ignored. 


In = Vi x 4 = 2 A 



Chapter 4, Solution 47 


Since V T h = V ab = V x , we apply KCL at the node a and obtain 

30 - V Th V Th 

- Hl = ^!l + 2V t . -> V Th =150/126 = 1.1905 V 

12 60 

To find Rih, consider the circuit below. 



At node a, KCL gives 

1 = 2V + — + — -> V x =60/126 = 0.4762 

* 60 12 

R = Y*.= 0.4762Q, Í N =— L = 1.19/0.4762 = 2.5 

1 R n 

Thus, 


VThev = 1.1905 V, R eq = 476.2 mO, and I N = 2.5 A. 



Chapter 4, Solution 48. 

To get R T h, consider the circuit in Fig. (a). 



(a) (b) 

FromFig. (a), I 0 = 1, 6 - 10 - V = 0, or V = -4 

R eq = V/l = -4ohms 

Note that the negative value of R eq indicates that we have an active device in the circuit since we 
cannot have a negative resistance in a purely passive circuit. 

To solve for In we first solve for Vxh, consider the circuit in Fig. (b), 

Io = 2, V Th = -101 o + 4I 0 = -12 V 


In - Vxh/Rih - 3A 


Chapter 4, Solution 49. 

Rn = Rxh = 28 ohms 

To find In, consider the circuit below, 


3A 



At the node, (40 - v o )/10 = 3 + (v o /40) + (v o /20), or v Q = 40/7 

i 0 = Vq/20 = 2/7, but I N = Re = io + 3 = 3.286 A 



Chapter 4, Solution 50. 

From Fig. (a), R N = 6 + 4 = 10 ohms 


6Q 

—vw—• 

< 4 Q 


(a) 


6 Q 



From Fig. (b), 2 + (12-v)/6 = v/4, or v = 9.6 V 

-In = (12-v)/6 = 0.4, which leads to I N = -0.4 A 

Combining the Norton equivalent with the right-hand side of the original circuit produces 
the circuit in Fig. (c). 



(c) 


i = [10/(10 + 5)] (4-0.4) = 2.4 A 




Chapter 4, Solution 51. 


(a) From the circuit in Fig. (a), 



For In or Vxh, consider the circuit in Fig. (b). After some source transformations, the 
circuit becomes that shown in Fig. (c). 



Applying KVL to the circuit in Fig. (c), 

-40 + 8i + 12 = 0 which gives i = 7/2 
V Th = 4i = 14 therefore In = V Th /RN = 14/2 = 7 A 



(b) To get R n , consider the circuit in Fig. (d). 


Rn = 211(4 + 6113) = 2116 = 1.5 ohms 



(d) (e) 


To get I N , the circuit in Fig. (c) applies except that it needs slight modification as in 
Fig. (e). 

i = 7/2, V T h = 12 + 2i = 19, I N = VWRn = 19/1.5 = 12.667 A 





Chapter 4, Solution 52. 

For the transistor model in Fig. 4.118, obtain the Thevenin equivalent at terminais a-b. 


12 V 


3 kíl 



Figure 4.118 
For Prob. 4.52. 

Solution 

Step 1. To find the Thevenin equivalent for this circuit we need to find v oc and 

Then V T hev = v oc and R eq = v oc /isc 
3kQ 



For i sc , i sc = -20I o . 

Step 2. v oc = -2k(20I o ) = -40x4 = -160 volts = V T hev 

i sc = -20x4x10 3 = -80 mA or 


R eq = -160/(80xl0~ 3 ) = 2 kO. 




















Chapter 4, Solution 53. 

To get R T h, consider the circuit in Fig. (a). 


0.25v 



(a) 


0.25v 



(b) 


From Fig. (b), 

v 0 = 2x1 = 2V, -v a b + 2x(l/2) +v 0 = 0 
V ab = 3V 

Rn = Vab/1 = 3 ohms 
To get I N , consider the circuit in Fig. (c). 


0.25v 



[(18- v 0 )/6] + 0.25v o = (v 0 /2) + (v 0 /3) or v G = 4V 


But, 


(v 0 /2) = 0.25v o + I N , which leads to I N = 1 A 



Chapter 4, Solution 54 


To find V T h =V X , consider the left loop. 

- 3 + iooo* 0 + 2v x = o —> 3 = íooo*; + iv x (i) 

For the right loop, 

V x = -50*40*; = -2000*; (2) 

Combining (1) and (2), 

3 = íooo*; - 4000*; = - 3000 *; —» *; = -imA 

V x = -2000*; = 2 -» V Th = 2 

To find R [h. insert a 1-V source at terminais a-b and remove the 3-V independent 
source, as shown below. 


1 kQ i x 



* r = 40*; + ^ = -80mA + — A = -60mA 
x ° 50 50 


R rh = — = -1/0.060 = -16.670 




Chapter 4, Solution 55. 

To get R n , apply a 1 mA source at the terminais a and b as shown in Fig. (a). 



(b) 

We assume all resistances are in k ohms, all currents in mA, and all voltages in volts. At 
node a, 


Also, 


(v ab /50) + 801 = 1 


( 1 ) 


-81 = (vab/1000), or I = -v ab /8000 (2) 


From (1) and (2), (v ab /50) - (80v ab /8000) = 1, or v ab = 100 

Rn = v ab /l = 100 k ohms 
To get I N , consider the circuit in Fig. (b). 


I a 



lmA 


(a) 


Since the 50-k ohm resistor is shorted, 

In = -801, v ab = 0 

Hence, 8i = 2 which leads to I = (1/4) mA 


In = -20 mA 




Chapter 4, Solution 56. 


We remove the 1-kQ resistor temporarily and find Norton equivalent across its terminais. 
R eq is obtained from the circuit below. 


12 kQ 2 kQ 10 kQ 



R eq = 10 + 2 + (12//24) = 12+8 = 20 kQ 
In is obtained from the circuit below. 


12 k 2 k 10 k 



We can use superposition theorem to find In- Let In = li + I 2 , where li and R are due 
to 16-V and 3-mA sources respectively. We find li using the circuit below. 


12 k 2 k 10 k 




Using source transformation, we obtain the circuit below. 







Chapter 4, Solution 57. 


To find R ih. remove the 50V source and inserí a 1-V source at a - b, as shown in Fig. (a). 



We apply nodal analysis. At node A, 


At node B, 


i + 0.5v x = (1/10) + (1 - v x )/2, or i + v x = 0.6 (1) 

(1 - v 0 )/2 = (v x /3) + (v x /6), and v x = 0.5 (2) 


From (1) and (2), i = 0.1 and 



Rxh = l/i = 

10 ohms 


To get V T h, consider the circuit in Fig. (b). 



3 Q vi 2fí 

. A A A h- h- A A A h- 

v 2 

a 

VVV p 1 * VVV * 

5ov O < 

> 

n/ 0.5v x 

1 + 

<; 10 Q y Th 

- m ~ 


At node 1, (50-vi)/3 = (vi/6) + (vi - V2)/2, or 100 = 6 vi-3v 2 (3) 

At node 2, 0.5v x + (vi - v 2 )/2 = v 2 /10, v x = vi, andvi = 0.6v 2 (4) 

From (3) and (4), 

v 2 = Vjh = 166.67 V 
In = V Th/R Th = 16.667 A 


Rn = Rrh = 10 ohms 



Chapter 4, Solution 58. 

This problem does not have a solution as it was originally stated. The reason for this is 
that the load resistor is in series with a current source which means that the only 
equivalent circuit that will work will be a Norton circuit where the value of Rn = 
infinity. In can be found by solving for I sc . 



Writing the node equation at node vo, 

ib + Pib = v 0 /R 2 = (1 + P)i b 

But i b = (V s -v 0 )/Ri 

Vo = V s -i b Ri 


V s - i b Ri = (1 + p)R 2 i b , or i b = V S /(R, + (1 + p)R 2 ) 


Isc - In - — pib - -pV s /(Ri + (1 + P)R 2 ) 




Chapter 4, Solution 59. 


R Th = (10 + 20)11(50 + 40) 301190 = 22.5 ohms 
To find Vxh, consider the circuit below. 

Í2 

20 Q 

40 0 

ii = Í 2 = 8/2 = 4, 10ii + V xh — 20Í-2 = 0, or Vxh = 20Í2 —10ii = lOij = 10x4 
V Th = 40V, and I N = V T h/RTh = 40/22.5 = 1.7778 A 




Chapter 4, Solution 60. 


The circuit can be reduced by source transfor 



Norton Equivalent Circuit 


3.333Q 

- J VW- 


io v 



Thevenin Equivalent Circuit 






Chapter 4, Solution 61. 

To find Rih. consider the circuit in Fig. (a). 

Let R = 21118 = 1.8 ohms, R Th = 2RIIR = (2/3)R = 1.2 ohms. 
To get V T h, we apply mesh analysis to the circuit in Fig. (d). 




-12 — 12 + 14ii — 6 Í 2 — 6 Í 3 = 0, and 7 i 1 — 3 Í 2 — 3 Í 3 = 12 


( 1 ) 


12 + 12 + 14 Í 2 - 6 ii - 6 Í 3 = 0, and -3 ii + 7 Í 2 - 3 Í 3 = -12 (2) 

14 Í 3 — 6 ii — 6 Í 2 = 0, and -3 ii — 3 Í 2 + 7 Í 3 = 0 (3) 

This leads to the following matrix form for (1), (2) and (3), 


“ 7 

-3 

-3" 

V 


“ 12 “ 

-3 

7 

-3 

^2 

= 

-12 

-3 

-3 

7 

J-3 J 


0 



7 

-3 

-3 



7 

12 

-3 

A = 

-3 

7 

-3 

= 100 , 

A 2 = 

-3 

-12 

-3 


-3 

-3 

7 



-3 

0 

7 


i 2 = A/A 2 = -120/100 = -1.2 A 


V Th — 12 + 21 2 — 9.6 V, and In — Vxh/Rih — 8 A 



Chapter 4, Solution 62. 


Since there are no independent sources, V T h = 0 V 
To obtain Rxh, consider the circuit below. 



At node 2, 


ix + 0.1i o = (1 -vi)/10, or 10ix + io = l-vi (1) 

At node 1, 

(vi/20) + O.lio = [(2v 0 - vO/40] + [(1 - vO/10] (2) 

But i 0 = (vj/20) and v G = 1-vi, then (2) becomes, 

1.1 v i/20 = [(2-3v0/40] + [(1 -vO/10] 

2.2vi = 2-3vi+4-4vi = 6-7vi 

or vj = 6/9.2 (3) 

From (1) and (3), 

10ix + vi/20 = 1 - vi 

10ix = 1-V!-Vi/20 = 1 - (21/20)vi = 1-(21/20X6/9.2) 
i x = 31.52 mA, R T h = l/i x = 31.73 ohms. 




Chapter 4, Solution 63. 


Because there are no independent sources, In = I sc = 0 A 
Rn can be found using the circuit below. 


10 O 



Applying KCL at node 1, vi = 1, and v Q = (20/30)vi = 2/3 

i 0 = (vi/30) - 0.5v o = (1/30) - 0.5x2/3 = 0.03333- 
0.33333 = -0.3 A. 

Hence, 

Rn = l/(— 0.3) = -3.333 ohms 




Chapter 4, Solution 64. 


With no independent sources, Vxh = 0 V. To obtain Rih, consider the circuit shown 
below. 

4 Q 1Q 



ix = [(1 - Vo)/l] + [(10i x - Vo)/4], or 5v 0 = 4 + 6i x (1) 

But i x = v 0 /2. Hence, 

5v 0 = 4 + 3v 0 , or v G = 2, i G = (l-v 0 )/l = -1 
Thus, R T h = 1/io = -1 ohm 




Chapter 4, Solution 65 


At the terminais of the unknown resistance, we replace the circuit by its Thevenin equivalent. 
R eq = 2 + (4II12) = 2 + 3 = 5Q. V„ = ^(32) = 24V 
Thus, the circuit can be replaced by that shown below. 



Applying KVL to the loop, 

-24 + 5/ o +V o =0 -> V 0 = 24 - 5I 0 . 





Chapter 4, Solution 66. 


We first find the Thevenin equivalent at terminais a and b. We find Rxh using the circuit 
in Fig. (a). 


2 Q 




R Th = 211(3 + 5) = 2118 = 1.6 ohms 

By performing source transformation on the given circuit, we obatin the circuit in (b). 
We now use this to find Vxh- 

10i + 30 + 20 + 10 = 0, or i = -6 

Vxh + 10 + 2i = 0, or Vxh = 2 V 

p = V T h 2 /(4RTh) = (2) 2 /[4(l .6)] = 625 m watts 






Chapter 4, Solution 67. 

We first find the Thevenin equivalent. We find Rth using the circuit below. 



= 20//80 + 90//10 = 16 + 9=25Q 

We find V T h using the circuit below. We apply mesh analysis. 



(80 + 20)^-40 = 0 
(10 + 90)i 2 + 40 = 0 
-90i 2 -20i 1 + V 7h =0 


■> 

-> 

-> 


i, = 0.4 
i 2 = -0.4 
V Th =-28V 


(a) 

(b) 


R = R 


Th 


25 Q 


P = 




(28 f 


4R^ 100 


= 7.84 W 






















Chapter 4, Solution 68. 


This is a challenging problem in that the load is already specified. This now becomes a 
"minimize losses" style problem. When a load is specified and internai losses can be 
adjusted, then the objective becomes, reduce Rxhev as much as possible, which will result 
in maximum power transfer to the load. 


R 



Removing the 10 ohm resistor and solving for the Thevenin Circuit results in: 

R xh = (Rx20/(R+20)) and a V oc = V Th = 12x(20/(R +20)) + (-8) 

As R goes to zero, Rxh goes to zero and V T h goes to 4 volts, which produces the 
maximum power delivered to the 1 0-ohm resistor. 

P = vi = v 2 /R = 4x4/10 = 1.6 watts 

Notice that if R = 20 ohms which gives an Rxh = 10 ohms, then Vxh becomes -2 volts 
and the power delivered to the load becomes 0.1 watts, much less that the 1.6 watts. 

It is also interesting to note that the internai losses for the first case are 12“/20 = 7.2 watts 
and for the second case are = to 12 watts. This is a significant difference. 



Chapter 4, Solution 69. 


We need the Thevenin equivalent across the resistor R. To find Rph, consider the circuit 
below. 


22 kQ Vi 



Assume that all resistances are in k ohms and all currents are in mA. 

101140 = 8, and 8 + 22 = 30 
l+3v 0 = (vi/30) + (vi/30) = (v i/15) 

15 + 45v 0 = vi 

But v 0 = (8/30)vi, hence, 

15 + 45x(8vj/30) vi, whichleadsto vi = 1.3636 
R Th = vi/l = -1.3636 k ohms 

R T h being negative indicates an active circuit and if you now make R equal to 1.3636 k 
ohms, then the active circuit will actually try to supply infinite power to the resistor. The 
correct answer is therefore: 


Pr = 


v 3^ í v 3^ 

-^- 1363.6= 1363.6 = oo 

—1363.6 +1363.6 J { 0 J 


It may still be instructive to find Vrh. Consider the circuit below. 



(100 - v o )/10 = (v 0 / 40) + (vo — v! )/22 


(1) 






[(Vo- vO/22] +3v 0 = ( Vl /30) 


(2) 


Solving (1) and (2), 


vi = Vjh = -243.6 volts 



Chapter 4, Solution 70 


We find the Thevenin equivalent across the 1 0-ohm resistor. To find Vxh, consider the 
circuit below. 



From the figure, 


V x =0, V Th = —(4) = 3V 
x Th 15 + 5 

To find R eq , consider the circuit below: 



At node 1, 

[(V,-V x )/15] + [(Vi-(4+V x ))/5] + [(Ví—0)/5] + 3V X = 0 or 





0.4667V i + 2.733V X = 0.8 


(D 


At node x, 

[(V x -0)/6] + [((V x + 4)-V!)/5] + [(V x -Vi)/15] = 0 or 

-(0.2667)V i + 0.4333V X = -0.8 (2) 

Adding (1) and (2) together lead to, 

(0.4667-0.2667)Vi + (2.733+0.4333)V x = 0 or Vi = -(3.166/0.2)V X = -15.83V X 
Now we can put this into (1) and we get, 

0.4667(-15.83V x ) + 2.733V X = 0.8 = (-7.388+2.733)V x = -4.655V X or V x - -0.17186 
V. 

Isc = -V x /6 = 0.02864 and R eq = 3/(0.02864) = 104.75 Q 

An altemate way to find R eq is replace I sc with a 1 amp current source flowing up and 
setting the 4 volts source to zero. We then find the voltage across the 1 amp current 
source which is equal to R eq . First we note that V x = 6 volts ; 

Vi = 6+3.75 = -9.75; V 2 = 19x5 + Vi = 95+9.75 = 104.75 or R eq = 104.75 Q. 

Clearly setting the load resistance to 104.75 Q means that the Circuit will deliver 
maximum power to it. Therefore, 


Pmax = [3/(2xl04.75)] 2 x 104.75 = 21.48 mW 



Chapter 4, Solution 71. 

We need R T h and V T h at terminais a and b. To find Rjh, we insert a 1-mA source at the 
terminais a and b as shown below. 



Assume that all resistances are in k ohms, all currents are in mA, and all voltages are in 
volts. At node a, 

1 = (v a /40) + [(v a + 120v o )/10], or 40 = 5v a + 480v o (1) 

The loop on the left side has no voltage source. Hence, v G = 0. From(l), v a = 8 V. 

Rih = v a /l mA = 8 kohms 
To get V T h, consider the original circuit. For the left loop, 

Vo = (1/4)8 = 2V 

For the right loop, v R = V Th = (40/50)(-120v o ) = -192 
The resistance at the required resistor is 

R = R | h = 8 kO 

p = V Th 2 /(4R Th ) = (-192) 2 /(4x8x10 3 ) = 1.152 watts 





Chapter 4, Solution 72. 


(a) Rih and V T h are calculated using the circuits shown in Fig. (a) and (b) 
respectively. 

From Fig. (a), R T h = 2 + 4 + 6 = 12 ohms 

From Fig. (b), -V T h + 12 + 8 + 20 = 0, or V T h = 40 V 


4 Q 

-AAAr 


2 Q 


6 Q 

-AAAr 


R 


Th 


(a) 



+ 

Vxh 


(b) i = V Th /(RTh + R) = 40/(12 + 8) = 2A 

(c) For maximum power transfer, Rl = R-m = 12 ohms 

(d) p =Y Th 2 /(4R T h) = (40) 2 /(4x12) = 33.33 watts. 






Chapter 4, Solution 73 


Find the Thevenin’s equivalent circuit across the terminais of R. 





Chapter 4, Solution 74. 

When Rl is removed and V s is short-circuited, 

Rxh = R1ÍIR2 + R 3 IIR 4 = [Ri R 2 /( Ri + R2)] + [R 3 R 4 /( Rs + R 4 )] 

Rl = Rtii = (Ri R2 R3 + Ri R2 R 4 + Ri R3 R 4 + R2 R3 R 4 )/[( Ri + R2X R3 + R 4 )] 

When Rl is removed and we apply the voltage division principie, 

Voc = Vxh = VR2-VR4 

= ([R 2 /(Ri + R 2 )] - [R 4 /(R 3 + R 4 )])V s = { [(R 2 R 3 ) - (RiR 4 )]/[(Ri + R 2 )(R 3 + R 4 )] }Vs 

pmax = VTh“/( 4 Rxh) 

= {[(R 2 R 3 ) - (RiR 4 )] 2 /[(Ri + R 2 )(R 3 + R 4 )] 2 }V s 2 [( R! + R 2 )( R 3 + R 4 )]/[ 4 (a)] 
where a = (Rj R 2 R 3 + Ri R 3 R 4 + Ri R 3 R 4 + R2 R 3 R 4 ) 

pmax = 

[(R 2 R 3 ) - (RiR 4 )] 2 Vs 2 /[4(Ri + R2XR3 + R 4 ) (Rl R2 R3 + Rl R2 R 4 + Rl Rl R 4 + R2 R 3 R 4 )l 



Chapter 4, Solution 75. 

We need to first find Rjh and V T h- 



Consider the circuit in Fig. (a). 

(1/Req) = (1/R) + (1/R) + (1/R) = 3/R 
Req = R/3 

From the circuit in Fig. (b), 

((1 - v 0 )/R) + ((2 - v 0 )/R) + ((3 - v 0 )/R) = 0 
v 0 = 2 = V Th 

For maximum power transfer, 

Rl = Rih = R/3 
P max = [(V T h) 2 /(4RTh)] = 3 mW 
Rxh = [(V Th) 2 /(4P max)] = 4/(4xP max ) = 1/P max = R/3 
R = 3/(3xl0' 3 ) = 1 kO 


1 kO, 3 mW 






Chapter 4, Solution 76. 


Follow the steps in Example 4.14. The schematic and the output plots are shown below. 
From the plot, we obtain, 

V = 92 V [i = 0, voltage axis intercept] 

R = Slope = (120-92)/! = 28 ohms 


40 







Chapter 4, Solution 77. 

(a) The schematic is shown below. We perform a dc sweep on a current source, II, 
connected between terminais a and b. We labei the top and bottom of source II as 2 and 1 
respectively. We plot V(2) - V(l) as shown. 

Vtii = 4V [zero intercept] 

Rih = (7.8 - 4)/ 1 = 3.8 ohms 











(b) Everything remains the same as in part (a) except that the current source, II, is connected 
between terminais b and c as shown below. We perform a dc sweep on II and obtain the 
plot shown below. From the plot, we obtain, 

V = 15 V [zero intercept] 

R = (18.2-15)/! = 3.2 ohms 






Chapter 4, Solution 78. 

The schematic is shown below. We perform a dc sweep on the current source, II, 
connected between terminais a and b. The plot is shown. From the plot we obtain, 

V'm = -80 V [zero intercept] 

R Th = (1920-(-80))/! = 2 k ohms 







Chapter 4, Solution 79. 


After drawing and saving the schematic as shown below, we perform a dc sweep on II 
connected across a and b. The plot is shown. From the plot, we get, 

V = 167 V [zero intercept] 

R = (177 - 167)/1 = 10 ohms 







Chapter 4, Solution 80. 


The schematic in shown below. We labei nodes a and b as 1 and 2 respectively. We 
perform dc sweep on II. In the Trace/Add menu, type v(l) - v(2) which will result in the 
plot below. From the plot, 


V Th = 40 V [zero intercept] 

Rrh = (40-17.5)/! = 22.5 ohms [slope] 







Chapter 4, Solution 81. 


The schematic is shown below. We perform a dc sweep on the current source, 12, 
connected between terminais a and b. The plot of the voltage across 12 is shown below. 
From the plot, 

Vxh = 10 V [zero intercept] 


Rih = (10 — 6.7)/l = 3.3 ohms. Note that this is in good agreement with the exact 

value of 3.333 ohms. 






Chapter 4, Solution 82. 


V Th = V oc = 12 V, I sc = 20 A 


R Th = Voc/Isc = 12/20 = 0.6 ohm. 


0.6 Cl 



i 

20 


i = 12/2.6, p = i 2 R = (12/2.6) 2 (2) = 42.6 watts 




Chapter 4, Solution 83. 

V Th = V oc = 12 V, I sc = In = 1.5 A 

R Th = Vm/lN = 8 ohms, V T h = 12 V, R T h = 8 ohms 



Chapter 4, Solution 84 

Let the equivalent circuit of the battery terminated by a load be as shown below. 


Rtii 



For open circuit, 

Rl= co, —> v Th =v oc =v L =mx 

When Rl = 4 ohm, Vl=10.5, 

1, = ^ = 10.8/4 = 2.7 
Rl 

But 

V n =V L + I L R n -> R n = V ^L = = 0.4444A 


= 444.4 mO. 




Chapter 4, Solution 85 


(a) Consider the equivalent circuit terminated with R as shown below. 

Rtii 



or 


60 + 6R Th = \0V Th (D 

where Rxh is in k-ohm. 

Similarly, 

12 = ^nr V n -» 360 + 12R n =30V n (2) 

“T -IVjyj 

Solving (1) and (2) leads to 

V Th — 24 V, R lh = 30kCl 


(b) 


20 

20 + 30 


(24) = 9.6 V 



Chapter 4, Solution 86. 


We replace the box with the Thevenin equivalent. 



Vih = v + iRxh 

When i = 1.5, v = 3, which implies that Vjh = 3 + 1.5Rxh (1) 

When i = 1, v = 8, which implies that Vjh = 8 + 1 xR-ih (2) 

From (1) and (2), R T h = 10ohmsandV T h =18V. 

(a) When R = 4, i = V Th /(R + R T h) = 18/(4+ 10) = 1.2857 A 

(b) For maximum power, R = Rth 

Pmax = (VTh) 2 /4RTh = 18 2 /(4xl0) = 8.1 watts 




Chapter 4, Solution 87. 


i m = 9.975 mA i m = 9.876 mA 



Is = 9.975 mA + (0.1995/R S ) (1) 

From Fig. (b), 

Vm = R m i m = 20x9.876 = 0.19752 V 


Is = 9.876 mA + (0.19752/2k) + (0.19752/R S ) 

= 9.975 mA + (0.19752/R S ) (2) 

Solving (1) and (2) gives, 

R s = 8 k ohms, I s = 10 mA 


(b) 


i m ’ = 9.876 



8kll4k = 2.667 k ohms 

i m ’ = [2667/(2667 + 20)]( 10 mA) = 9.926 mA 


Chapter 4, Solution 88 


To find R[h consider the circuit below. 



R rh =30 + 10 + 20/75 = 44 kQ. 


To find Vxh , consider the circuit below. 


5kQ 



= 30+4 = 120, = —(60) = 48, V Th =V A -V B =72\ 




The Thevenin equivalent circuit is shown below. 



-mA 

44 + 2 + R j 


assuming R; is in k-ohm. 


(a) When Ri=500Q, 


/ = 


72 

44 + 2 + 0.5 


1.548 mA 


(b) When Ri = 0 Q, 


I = -= 1.565 mA 

44 + 2 + 0 - 




Chapter 4, Solution 89 


It is easy to solve this problem using Pspice. 

(a) The schematic is shown below. We insert IPROBE to measure the desired ammeter 
reading. We insert a very small resistance in series IPROBE to avoid problem. After the 
Circuit is saved and simulated, the current is displaced on IPROBE as 99.99//A . 



(b) By interchanging the ammeter and the 12-V voltage source, the schematic is shown 
below. We obtain exactly the same result as in part (a). 





























































Chapter 4, Solution 90. 

R x = (R 3 /ROR 2 = (4/2)R 2 = 42.6,R 2 = 21.3 

which is (21.3ohms/100ohms)% = 21.3% 



Chapter 4, Solution 91. 


R x = (R 3 /ROR 2 

(a) Since 0 < R 2 < 50 ohms, to make 0 < R x < 10 ohms requires that when R 2 
ohms, R x = 10 ohms. 


10 = (R 3 /Ri) 50 or R 3 = Ri/5 
soweselectRi = 100 ohms and R 3 = 20 ohms 
(b) For 0 < R x < 100 ohms 

100 = (R 3 /Ri) 50, or R 3 = 2R, 
So we can select Ri = 100 ohms and R 3 = 200 ohms 



Chapter 4, Solution 92. 


For a balanced bridge, v a b = 0. We can use mesh analysis to find v a b. Considerthe 
Circuit in Fig. (a), where ii and Í 2 are assumed to be in mA. 


2kQ 



220 = 2ij + 8(ii - Í 2 ) or 220 = 10i 1 - 8F (1) 

0 = 24Í2-8ii or i 2 = (l/3)ii (2) 

From (1) and (2), 

ii = 30mAandÍ2 = 10 mA 
Applying KVL to loop OabO gives 

5(í 2 - ii) + v ab + 1 Oi 2 = 0 V 
Since Vab = 0, the bridge is balanced. 

When the 10 k ohm resistor is replaced by the 18 k ohm resistor, the gridge becomes 
unbalanced. (1) remains the same but (2) becomes 

0 = 32i 2 — 8i 1 , or i 2 = (l/4)i, (3) 

Solving (1) and (3), 

ii = 27.5 mA, Í 2 = 6.875 mA 
v ab = 5(i 1 - i 2 ) - 18i 2 = -20.625 V 
V Th = v ab = -20.625 V 




To obtain Rxh, we convert the delta connection in Fig. (b) to a wye connection shown in 
Fig. (c). 


2kQ 




Ri = 3x5/(2 + 3 + 5) = 1.5kohms, R 2 = 2x3/10 = 600 ohms, 
R 3 = 2x5/10 = 1 k ohm. 

R Th = Rj + (R 2 + 6)M(R 3 + 18) = 1.5 +6.6119 = 6.398 k ohms 

Rl = Rih = 6.398 k ohms 

P max = (Y Th ) 2 /(4R T h) = (20.625) 2 /(4 x6.398) = 16.622 mWatts 



Chapter 4, Solution 93. 


i x R s R 



-V s + (R s + R 0 )ix + pRoix — 0 
i x = V S /(R S + (1 + P)R„) 




Chapter 4, Solution 94. 


(a) Vo/V g = Rp/(R g + R s + R p ) (1) 

Req = Rpll(Rg + Rs) = Rg 

R g = R p (Rg + R s )/(Rp + Rg + R s ) 

R g Rp + R g ' + R g R s = RpR g + RpR s 

RpR s = Rg(R g + Rs) (2) 

From(l), Rp/a = R g + R s + R p 

R g + R s = R p ((l/a) - 1) = R p (l - a)/a (la) 

Combining (2) and (la) gives, 

R s = [(1 - a)/a]R eq (3) 

= (1 -0.125)(100)/0.125 = 700 ohms 


From (3) and (la), 


R p (l - a)/a = R g + [(1 - a)/a]R g = R g /a 
R p = R g /(1 - a) = 100/(1-0.125) = 114.29 ohms 


(b) 


RtIi 



I 

Rl 


V Th = Vs = 0.125V g = 1.5 V 


Rxh = R g = 100 ohms 
I = V Th /(R Th + R L ) = 1.5/150 = 10 mA 




Chapter 4, Solution 95. 


Let 1/sensitivity = 1/(20 k ohms/volt) = 50 pA 
For the 0 - 10 V scale, 

R m = Vf s /If s = 10/50 jiiA = 200kohms 

For the 0 - 50 V scale, 

R m = 50(20 k ohms/V) = 1 M ohm 
; R+h ! 

I 
1 
I 
I 
I 
I 
I 
I 

! V T h 


Vlh = I(R.Th + Rm) 

(a) A 4V reading corresponds to 

I = (4/10)I fs = 0.4x50 pA = 20 pA 
Vxh = 20 pA R T h + 20 pA 250 k ohms 

= 4 + 20 pA R Th (1) 

(b) A 5V reading corresponds to 

I = (5/50)If s = 0.1 x 50 pA = 5 pA 
Vxh = 5 pA x R T h + 5 pA x 1 M ohm 

V Th = 5 + 5 pA Rxh (2) 

From (1) and (2) 

0 = -1 + 15 pA Rxh which leads to R T h = 66.67 k ohms 
V Th = 4 + 20x10' 6 x(1/(15x10' 6 )) = 5.333 V 



From (1), 








Chapter 4, Solution 96. 

(a) The resistance network can be redrawn as shown in Fig. (a), 


10 Q 8 Q 10 Q 



(a) (b) 


R Th = 10+10 +[6011(8+ 8 +[101140])] = 20 + (601124) = 37.14 ohms 
Using mesh analysis, 


-9 + 50ii - 40Í2 = 0 
116Í2 — 40ii = 0 or ii = 2.9Í2 


( 1 ) 

( 2 ) 


From (1) and (2), i 2 = 9/105 = 0.08571 

V Th = 60Í2 = 5.143 V 

From Fig. (b), 

Vo = [R/(R + R T h)]V Th = 1.8 V 

R/(R +37.14) = 1.8/5.143 = 0.35 or R = 0.35R+13 or R = (13)/(1—0.35) 

which leads to R = 20 O (note, this is just for the V 0 = 1.8 V) 

(b) Asking for the value of R for maximum power would lead to R = Rph = 37.14 0. 

However, the problem asks for the value of R for maximum current. This happens when 
the value of resistance seen by the source is a minimum thus R = 0 is the correct value. 


I max = V Th /(R Th ) = 5.143/(37.14) = 138.48 mA. 





Chapter 4, Solution 97. 



B 

+ 

V Th 


E 


Rih = R 1 IIR 2 = 6114 = 2.4 k ohms 
V T h = [R 2 /(Ri +R 2 )]v s = [4/(6 + 4)](12) = 4.8 V 




Chapter 4, Solution 98. 

The 20-ohm, 60-ohm, and 14-ohm resistors form a delta connection which needs to be 
connected to the wye connection as shown in Fig. (b), 




Ri = 20x60/(20 + 60 + 14) = 1200/94 = 12.766 ohms 
R 2 = 20x14/94 = 2.979 ohms 
R 3 = 60x14/94 = 8.936 ohms 

R Th = R 3 +R 1 IKR 2 + 30) = 8.936 + 12.7661132.98 = 18.139 ohms 
To find Vxh, consider the circuit in Fig. (c). 



(c) 





I T = 16/(30 + 15.745) = 349.8 mA 
li = [20/(20 + 60 + 14 )]I t = 74.43 mA 
V Th = 141! + 301 t = 11.536 V 
I 40 = V Th /(R Th + 40) = 11.536/(18.139 + 40) = 198.42 mA 
P 40 = l 4 o 2 R = 1.5748 watts 



Chapter 5, Solution 1. 


(a) Ri n = 1.5 Mfi 

(b) R out = 60 n 

(c) A = 8x10 4 

Therefore AdB = 20 log 8x10 4 


98.06 dB 



Chapter 5, Solution 2. 


vo = Av d = A(v 2 - vi) 

= 10 5 (20-10) x 10' 6 = IV 



Chapter 5, Solution 3. 


vo = Av d = A(v 2 - vi) 

= 2 x 10 5 (30 + 20) x 10' 6 = 10V 



Chapter 5, Solution 4. 


vo = Av d = A(v 2 - vi) 


V 2 " V i = 


Zo 

A 


-4 

2xl0 6 


—2(liV 


v 2 - Vi = -2 pV = -0.002 mV 
1 mV - v i = -0.002 mV 

vi =1.002 mV 



Chapter 5, Solution 5. 


But 



-Vi + Avd + (Ri + Ro) I — 0 (1) 

v d = RiI, 


-Vi + (R; + Ro + Ri A) I — 0 


R 0 + (i+ a)Rj 

-Av d - R 0 I + v 0 = 0 


Vo — Avd + Rol — (Ro + RiA)I 


(R 0 +R I A)v 1 


v 0 _ R 0 + R;A 


R 0 +(1 + A)R, 
100 + 10 4 xl0 5 


R 0 +(1 +A)R; 100 + (1 + 10 5 ) 


• 10 " 



100,000 

100,001 


= 0.9999990 



Chapter 5, Solution 6. 



(Ro + R;)R + Vj + Avd — 0 
But Vd = Ril, 


Vj + (Ro + Ri + RjA)I — 0 


R 0 +(1 + A)R, 
-Av d - Rol + Vo = 0 


v 0 — Avd + Rol — (Ro + RiA)I 
Substituting for I in (1), 


Vo 


A Rq + R.a a 

R 0 +(1 + A)R, 


Vi 


(50 + 2xl0 6 x2xl0 5 )-10 3 
50 + (l + 2x10 5 )x2xl0 6 


- 200,000x2xl0 6 w 

- —mV 

200,001x2xl0 6 


v 0 = -0.999995 mV 




Chapter 5, Solution 7. 


100 kQ 



At node 1, (V s - Vi)/10 k = [Vi/100 k] + [(Vi - V 0 )/100 k] 

10 V s - 10 Vi = Vi + Vi - Vo 
which leads to Vj = (10V S + Vo)/12 
At node 2, (Vi - V 0 )/100 k = (V 0 - (-AV d ))/100 
But V d = Vi and A = 100,000, 

Vi - V 0 = 1000 (Vo + 100,000Vi) 

0= lOOlVo + 99,999,999[(10V S + V 0 )/12] 

0 = 83,333,332.5 V s + 8,334,334.25 V 0 
which gives us (Vo/ Vs) = -10 (for all practical purposes) 

If Vs = 1 mV, then Vo = -10 mV 

Since Vo = A V d = 100,000 V d , then V d = (V 0 /10 5 ) V = -100 nV 




Chapter 5, Solution 8. 

(a) If v a and Vb are the voltages at the inverting and noninverting terminais of the op amp. 
V a = V b =0 


ImA = 


0- v 


o 


2k 


> vo = -2 v 


(b) 


10 kQ 



2V 



(a) 


(b) 


Since v a = Vb = IV and i a = 0, no current flows through the 10 kQ resistor. From Fig. (b), 


-V a + 2 + V 0 = 0 


> Vo = Va - 2 = 1 - 2 = -IV 






Chapter 5, Solution 9. 

(a) Let v a and Vb be respectively the voltages at the inverting and noninverting terminais of 
the op amp 


V a = V b =4V 


At the inverting terminal, 

ÍmA=^^ -► vo = 2V 

2k 


(b) 


IV 



+ - 


+ 

v b 


+ 

Vo 


Since v a = Vb = 3V, 


-v b + 1 + Vo =0 


*• Vo = v b - 1 = 2V 




Chapter 5, Solution 10. 


Since no current enters the op amp, the voltage at the input of the op amp is v s . 


V s = V f 


10 


10 + 10 


^0 

2 


^ =2 
v„ 


Hence 



5.11 Using Fig. 5.50, design a problem to help other students to better understand how ideal op 
amps work. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find v 0 and i 0 in the circuit in Fig. 5.50. 


8 kit 



Figure 5.50 for Prob. 5.11 


Solution 


8kQ 



v b 


10 

10 + 5 


(3) = 2V 


At node a, 


3-v„ 


V. — V 


2 


8 


*- 12 = 5v a -v 






































But v a = v b = TV, 


12= 10-v 0 -► v 0 = -2V 


lo 



+ 


0-v 


O 


4 


2 + 2 
8 


+ — = ImA 
4 


i o = -ImA 



Chapter 5, Solution 12. 

Step 1. Labei the unknown nodes in the op amp circuit. Next we write the node 

equations and then apply the constraint, V a = Vb. Finally, solve for V 0 in terms of V s . 


25 kQ 



Step 2. [(V a -Vs)/5k] + [(V a -V 0 )/25k] + 0 = 0 and 

[(V b -0)/10k] + 0 = 0 or V b = 0 = V a ! Thus, 


[(-V s )/5k] + [(-V 0 )/25k] = 0 or, 


V 0 = (-25/5)V s or V 0 /Y s = -5. 




Chapter 5, Solution 13. 



By voltage division 
90 


100 


(1) = 0.9V 


50 v„ 
v b =-v„ = 


150 0 3 


Butv a = Vb -► — = 0.9 

3 


v v 

Ío=ll +12= 7^ + - 


10k 150k 




2.7V 


0.27mA + 0.018mA = 288 pA 


Chapter 5, Solution 14. 


Transform the current source as shown below. At node 1, 

10-v, v, -v 2 | v, -v„ 

5 20 10 



But v 2 = 0. Hence 40 - 4vi = vi + 2vi - 2v5-► 40 = 7vi - 2v 0 


V, — V, V, — V 

At node 2, -- = —- v 7 =0 orvi=-2v 0 

20 10 2 


From (1) and (2), 40 = -14v 0 - 2v 


> v 0 = -2.5V 



Chapter 5, Solution 15 


(a) Let vi be the voltage at the node where the three resistors meet. Applying 
KCL at this node gives 


l s — - 1 " ' 

tf. 


R, 


= v 


A J_ + ^ 

\Ri R 


l 3 J 


Yo_ 

Rn 


At the inverting terminal, 


( 1 ) 


i, = 


0 - Vj 

R, 


A = -i s R t 


Combining (1) and (2) leads to 
v„ 


\ *i Rx ^ 

i + —+ 


R , R 


3 J 


Rn 


(b) For this case, 


( 2 ) 


tfl + tf 3 + 


tf 1-tf 3 


R 


2 ) 


Yo 

i. 


20 + 40 + 


20.r40 


V 


25 


kQ= -92kQ 


J 


= -92 kO 



Chapter 5, Solution 16 

Using Fig. 5.55, design a problem to help students better understand inverting op amps. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Obtain i x and i y in the op amp circuit in Fig. 5.55. 

lOkfi 

- WA - 



Figure 5.55 


Solution 


10kQ 

y\/v 


X 



0.5vA 


8kQ 

































( 1 ) 


Let currents be in mA and resistances be in kQ. At node a, 
-> l = 3v „-v„ 


0-5 -v fl v a -v a 


10 


a o 


But 


8 


v - v, = 

a b 


8 + 2 ü 

Substituting (2) into (1) gives 
. „ 10 

l = 3v fl - — v a -> v„ =■ 

Thus, 


10 

-> v = —V 
° 8 


14 


i x = —— = -1/70 mA = -14.28 /uA 


( 2 ) 


i y =^^ + ^^ = 0.6(v o -v a ) = 0.6(—v fl -v B ) = —* — 

' 2 10 ° a 8 4 14 


= 85.71 (iA 


mA 



Chapter 5, Solution 17 


(a) 

(b) 

(c) 


G = — 

V: 


y = _i2 

R, 5 


^0 

v i 

V; 


80 _ 
y “ 
2000 


-16 


-400 


-2.4 


(a) -2.4, (b) -16, (c) -400 



Chapter 5, Solution 18. 


For the circuit, shown in Fig. 5.57, solve for the Thevenin equivalent circuit 
looking into terminais A and B. 


10 kQ 



Figure 5.57 
For Prob. 5.18. 


Write a node equation at a. Since node b is tied to ground, v b = 0. We cannot write a 
node equation at c, we need to use the constraint equation, v a = v b . Once, we know v c , 
we then proceed to solve for V op encircuit and I s hort circuit- This will lead to V T hev(t) = V ope n 

circuit and Requivalent — V 0 p en circuit/Ishort circuit- 


[(v a - 7.5)/10k] + [(Va - Vc)/10k] + 0 = 0 
Our constraint equation leads to, 


v a = v b = 0orv c = -7.5 volts 


This is also the open circuit voltage (note, the op-amp keeps the output voltage at -5 volts 
in spite of any connection between A and B. Since this means that even a short from A to 
B would theoretically then produce an infinite current, R equ ivaient = 0. In real life, the 
short circuit current will be limited to whatever the op-amp can put out into a short 
circuited output. 

k' Tl,e\ — —7.5 VOltS, Requivalent — 0-OhlHS. 




Chapter 5, Solution 19. 


We convert the current source and back to a voltage source. 





Chapter 5, Solution 20. 


8kQ 



But v b = v s = 2 V; (2) becomes v a = 6 -2v 0 and (1) becomes 


-18 = 30-10v o - v„ - 4 


v G = —44/(— 11) = 4 V. 



Chapter 5, Solution 21. 


Let the voltage at the input of the op amp be v a . 


V a = IV, 


3^a 

4k 


Va -Vp 

10 k 


3-1 l-v 0 

4 10 


Vo = -4 V. 



Chapter 5, Solution 22. 


A v = -Rf/Ri = -15. 

If Ri = 10kQ, then R f = 150 kQ. 



Chapter 5, Solution 23 


At the inverting terminal, v=0 so that KCL gives 


v —0 0 0—v 




Chapter 5, Solution 24 







Chapter 5, Solution 25. 


This is a voltage follower. If vj is the output of the op amp, 
V] = 3.7 V 

v 0 = [20k/(20k+12k)]vi = [20/32]3.7 = 2.312 V. 



Chapter 5, Solution 26 

Using Fig. 5.64, design a problem to help other students better understand noninverting op amps. 


Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Determine i„ in the circuit of Fig. 5.64. 


B,il V 



Figure 5.64 

Solution 



v, =0.4 = —= 0.8v 


8 + 2 


o o 


Hence, 


—> v o =0.4/0.8 = 0.5 V 

•„=^ = ^ = 0.1mA 
5 k 5 k - 


l 

































Chapter 5, Solution 27. 


This is a voltage follower. 

vi = [24/(24+16)]7.5 = 4.5 V; v 2 = vi = 4.5 V; and 
v 0 = [12/(12+8)]4.5 = 2.7 V. 



Chapter 5, Solution 28. 


50 kQ 

-AA/V- 



At node 1, 


0-Vi 

10k 


V 1 ~ V o 

50k 


But vi = 10V, 


-5vi = vi - v 0 , leads to v o = 6vi=60V 
Altematively, viewed as a noninverting amplifier, 
v 0 = (1 +(50/10)) (10V) = 60V 


i 0 = v o /(20k) = 60/(20k) = 3 mA. 





Chapter 5, Solution 30. 


The output of the voltage becomes 

v 0 = Vi = 1.2 V 
(30k||20k) = 12kQ 


By voltage division, 


v 


x 


-(1.2) =0.2V 

12 + 60 


v x 0.2 20 

20k ~ 20k ~ 2xl0 6 


10pA 



0.04 

20k 


= 2pW. 



Chapter 5, Solution 31. 

After converting the current source to a voltage source, the circuit is as shown below 


12 kQ 



At node 1, 


12- Vj 

3~ 



> 48 = 7vi - 3v 0 


At node 2, 


V 1 “ V c 


6 



► vi = 2v 0 


From (1) and (2), 


48 

TT 


x 


^ = 727.2pA 

6k 


( 1 ) 

( 2 ) 


i 



Chapter 5, Solution 32. 


Let v x = the voltage at the output of the op amp. The given circuit is a non-inverting 
amplifier. 


li 50 
v x = 1 + — 

l 10. 

60||30 = 20kQ 


(4 mV) = 24 mV 


By voltage division, 


Vo 


lx = 


20 


20+20 

v. 


= —= 12mV 
2 

24mV 


(20 + 20)k 40k 


= 600 r|A 


v; _ 144x1o -6 
R ~ 60xl0 3 


204 r|W. 



Chapter 5, Solution 33. 


After transforming the current source, the current is as shown below: 


lkQ 



This is a noninverting amplifier. 


v 


O 


f 

1 + 

V 




Since the current entering the op amp is 0, the source resistor has a 0 V potential drop. 
Hence v; = 4V. 


v 0 =-(4) = 6V 


Power dissipated by the 3kQ resistor is 


< = 36 
R 3k 


12mW 


i = 


v, -v„ 4-6 „ , 

a 0 - = -2mA. 


R 


lk 


12mW, -2mA 



Chapter 5, Solution 34 


V 1 — v in , v l~ v in _ q 

R 1 R 2 


but 


R 3 

--—v, 

r 3 + r 4 


Combining (1) and (2), 

R 1 R 1 n 

v l- v a+^ v 2-^ v a =0 

k 2 k 2 


1 + 


Ri 

R 


2 ) 


R 1 

= Vl +— v 2 

R 2 


R 3 v o 


Rq + R/ 


1 + 


Ri 

R 


2 ) 


R 1 

= Vl +— v 2 

R 2 


Rq + R z 


V 0 = 


R: 


1 + 


Ri 

R 


R 1 

v l +— v 2 

R 2 


2 ) 


(1) 


( 2 ) 


R 3 + R 4 


Vo = 


(Vj^+Vj) 



Chapter 5, Solution 35 


A = —= l + ^- = 7_g 

V; R; 


Rf — 6.5Rj 


If Ri = 60 kQ, R f = 390 kQ. 



Chapter 5, Solution 36 


V Th = v ab 


But 


R , 


v„ = ■ 


+ R 2 


V ah . Thus, 


v n =v ab =^^v s =a+^)v s 


ab 


*i 




To get R T h, apply a current source I 0 at terminais a-b as shown below. 



Since the noninverting terminal is connected to ground, vi = V 2 =0, i.e. no current passes 
throughRi and consequently R 2 . Thus, v o =0 and 

Rni= — = 0 
i 



Chapter 5, Solution 37. 


v„ = - 


R 

Ri 


f R f 

Vj + 


R- 


V 2 + 


Rí 

R, 


30 

Tõ 


( 2 ) + 


30 

— (- 2 ) + 
20 


30 

30 


(-4.5) 


v 0 = i.5 v. 



Chapter 5, Solution 38. 

Using Fig. 5.75, design a problem to help other students better understand summing amplifiers. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Calculate the output voltage due to the summing amplifier shown in Fig. 5.75. 



Figure 5.75 


Solution 


v„ = 


R. R f R. R. 

— L v, +— L v, +— L v,+ —- 

Ri r 2 r 3 r 4 


— (10) + — (-20) +—(50) + — (-100) 
25 20 10 50 


= -120mV 


















Chapter 5, Solution 39 


This is a summing amplifier. 
f R t R 




Thus, 


R ^ 

r JLY r r 

-V. H- Vj H- V-j 

p 1 D P ° 

V ^1 ^2 ^3 J 


50 


50 


50 


— (2) + — v, + —(-1) 
10 20 50 


= -9- 


v. = -16.5 = -9 - 2.5v, 


v 2 =3V 


2.5v 2 



Chapter 5, Solution 40 


Determine V 0 in terms of Vi and V 2 . 

100 kQ 200 kQ 



Step 1. Labei the reference and node voltages in the circuit, see above. 

Note we now can consider nodes a and b, we cannot write a node equation at c 
without introducing another unknown. The node equation at a is [(V a -Vi)/10 5 ] + 
[(V a -V 2 )/10 5 ] + 0 + [(V a -V c )/2xl0 5 ] = 0. At b it is clear that V b = 0. Since we 
have two equations and three unknowns, we need another equation. We do get 
that from the constraint equation, V a = V b . After we find V c in terms of V 1 and 
V 2 , we then can determine V 0 which is equal to [(V c -0)/50] times 40. 

Step 2. Letting V a = V b = 0, the first equation can be simplified to, 

[-Vi/10 5 ] + [-V 2 /10 5 ] + [-V c /2xl0 5 ] = 0 

Taking V c to the other side of the equation and multiplying everything by 2xl0 5 , 
we get, 


V c = -2V 1 - 2V 2 


Now we can find V 0 which is equal to (40/50)V c = 0.8[-2V i-2V 2 ] 


V 0 = -l. 6 V 1 -l. 6 V 2 . 





Chapter 5, Solution 41. 


Rf/Ri = 1/(4)-► Ri = 4R f = 40kQ 

The averaging amplifier is as shown below: 




Chapter 5, Solution 42 

Since the average of three numbers is the sum of those numbers divided by three, the 
value of the feedback resistor needs to be equal to one-third of the input resistors or, 

R = —R =25 kO. 

f 3 1 



Chapter 5, Solution 43 


In order for 


v 


O 


R f R f R f R f 

—-v, +— l v 9 +— L v, +— L v 

v R t r 2 r 3 r 4 


4 


\ 


J 


to become 


V o =-^( V l+ V 2+ V 3+ V 4) 

R f 1 R : 

— = - -► R f = —= 

R, 4 f 4 


80kQ 

4 


= 20 kQ. 



Chapter 5, Solution 44. 


Rj 



At node b. 


v b -v, , v b -v 2 =0 


Ri R 2 


R, R, 

-► v. = — - -— 

b 1 1 
Ri R 2 


0 — v v — v 
At node a, a - a ° 


R 3 r 4 


-► v. 


1 + R 4 /R 3 


But v a = Vb. We set (1) and (2) equal. 


v o R2 v 1 + Rl v 2 


or 


I + R4/R3 R : +R 2 

(R3+R4) 

0 


(/? 2 Vi + RiV 2 ) 


( 1 ) 


( 2 ) 


v, 



Chapter 5, Solution 45. 


This can be achieved as follows: 



i.e. Rf = R, Ri = R/3, and R 2 = R/2 

Thus we need an inverter to invert vi, and a summer, as shown below (RclOOkQ). 




Chapter 5, Solution 46. 


v i 1, . 1 R f R x , . R f 

— V = —+ -(-V 2 ) + -V 3 =—V, H — (—V -, ) H — V, 

0 3 3 2 2 3 R, 1 R 2 • R 3 3 


i.e. R 3 = 2Rf, Ri = R 2 = 3Rf. To get -v 2 , we need an inverter with R t ; 
10kQ, a solution is given below. 


Ri. If R f 




Chapter 5, Solution 47. 


Using eq. (5.18), f\ = 2kQ, R 2 = 30kQ, R 3 = 2kQ, R 4 = 20kQ 


v 


O 


30(1+ 2/ 30) 
2 ( 1 + 2 / 20 ) V; 


30 32 

—V, = — (2)-150) = 14.09 V 
2 1 2.2 - 


= 14.09 V. 



Chapter 5, Solution 48. 


We can break this problem up into parts. The 5 mV source separates the lower 
Circuit from the upper. In addition, there is no current flowing into the input of 
the op amp which means we now have the 40-kohm resistor in series with a 
parallel combination of the 60-kohm resistor and the equivalent 100-kohm 
resistor. 


20 ki2 80 kii 



Thus, 40k + (60xl00k)/(160) = 77.5k 

which leads to the current flowing through this part of the circuit, 
i = 10 m/77.5k = 129.03xl0~ 9 A 
The voltage across the 60k and equivalent 100k is equal to, 
v = ix37.5k = 4.839 mV 

We can now calculate the voltage across the 80-kohm resistor. 
vso = 0.8x4.839 m = 3.87 mV 

which is also the voltage at both inputs of the op amp and the voltage between the 
20-kohm and 80-kohm resistors in the upper circuit. Let vi be the voltage to the 
left of the 20-kohm resistor of the upper circuit and we can write a node equation 
at that node. 











(vi-10m)/(10k) + vi/30k + (vi-3.87m)/20k = 0 
or 6vi - 60m + 2vi + 3vj - ll.ólm = 0 
or vi = 71.61/11 = 6.51 mV. 

The current through the 20k-ohm resistor, left to right, is, 
Í 2 o = (6.51 m-3.87m)/20k = 132 xl(T 9 A 
thus, v 0 = 3.87m - 132 xl(T 9 x80k = -6.69 mV. 



Chapter 5, Solution 49. 


R, = R 3 = 20kQ, R 2 /(Ri) = 4 


i.e. R 2 = 4Ri = 80kQ = R 4 


Verify: 


R, 1 + R, /R, R 0 

v =—Í-- í - í-v, -V 

R 1 1 + R,/R 4 R! 


4 (1 ± 025) v 
1 + 0.25 


-4v, = 4 (v 2 - Vj) 


Thus, Ri = R 3 = 20 kQ, R 2 = R 4 = 80 kQ. 



Chapter 5, Solution 50. 


(a) We use a difference amplifier, as shown below: 


Ri R2 



v 0 =^(v 2 - v,)=2.5(v 2 - vj, i.e. R 2 /Ri = 2.5 

K i 

If Ri = 100 kQ then R 2 = 250kQ 


(b) We may apply the idea in Prob. 5.35. 
v o = 2 -5Vi - 2.5 v 2 



i.e. Rf — R, Ri — R/2.5 — R 2 

We need an inverter to invert vi and a summer, as shown below. We may let R = 
100 kQ. 




Chapter 5, Solution 51. 

We achieve this by cascading an inverting amplifier and two-input inverting summer as 
shown below: 


R 



Verify: 

But 


Vo = -V a - V 2 
v a = -Vi. Hence 

Vo = Vi - V 2 . 



Chapter 5, Solution 52 


Design an op amp circuit such that 
Vo = 4vi + 6v 2 - 3v 3 - 5v 4 

Let all the resistors be in the range of 20 to 200 kQ. 

Solution 

A summing amplifier shown below will achieve the objective. An inverter is 
inserted to invert V 2 . Since the smallest resistance must be at least 20 kQ, then let 
R/6 = 20kQ therefore let R = 120 kQ. 




Chapter 5, Solution 53 



At node a, 


At node b. 



R 2 Vi +RAo 
R 1 + R 2 




( 1 ) 

( 2 ) 



At node A, 


- + - 


Rj/2 R 


R,/2 


or 


V 1 ~ V A + 


A 

2R, 


-( v b- v a) = v a-' 


( 1 ) 


, ^ V, -V R V R -V, V R -v h 

At node B, - ' b 


- + - 


R,/2 Rj/2 R, 


or 


V 2- V B - 


A 

2R, 


-( V B - V a)= V B “ V b 


( 2 ) 


Subtracting (1) from (2), 


2R 

V 2 “ V 1 -V B +V A -^-( v b ~V A )= V B -V A -V b +V Ü 


Since, v a = v b , 


V 2 “ V 1 


^ O ^ 

1-3 

v Ay 


( v b- v a)=Y 


or 


v b - v a = 


2 1 + R ' 


2R 


(3) 


But for the difference amplifier, 


R- 


v„ = 


0 Rj /2 


( v b - v a) 


or 


V B “ V A = 


A 

2R- 


(4) 


Equating (3) and (4), 


R, = v L 

2R, V ° 2 


1 + 


A 

2R, 


v„ R. 1 


V; Ri 


l3 


2R 



(c) At node a, 


V l“ V a V a~ V , 


R, 


R 2 /2 


At node b. 


V 1 “ V a = 


V 2 ~ V b = 


2R, 2R 

-v, -- 


R. 

2R, 

r7 


r 2 

2R 


v b 


R- 


Since v a = Vb, we subtract (1) from (2), 


-2R 


V 2 = 


r 2 

-R 


Ob-v a ) = -t 


or 


V B “ V A = 


2Rj 1 


At node A, 


V a “ V A. + V B ~V A _ V A -V G 


R,/2 R, 


R/2 


R? / \ 

V a-V A +—-( v b -V a )=V a -V 0 

g 


At node B, 


V b- V B V B“ V A V B“0 


R/2 


R 


R/2 


V b ~ V B - 


_R2 

2R 


■( V B - V a)= V ! 


Subtracting (5) from (4), 


R- 


v b-v a +ttMv b -v a )= v a -v b -v 0 


R 


2(v b -vj 1 + 


R- 


2R 


= -v„ 


s) 


Combining (3) and (6), 
-Ra 


R, 


, Ra 

1 + - 


v 2R gy 


= — v„ 


v, R x 


1 + -^ 

V 2R *J 


(1) 

( 2 ) 


(3) 


(4) 

(5) 

( 6 ) 



Chapter 5, Solution 54. 

The first stage is a summer (please note that we let the output of the first stage be vi). 


v i = 


R 


R 


— v s +— V„ 

V R R 


= -v s -v 0 


The second stage is a noninverting amplifier 


v 0 = (1 + R/R)v i = 2 ví = 2(-v s - vo) or 3v 0 = -2v s 

v 0 /v s = -0.6667. 



Chapter 5, Solution 55. 


Let Ai = k, A 2 = k, and A 3 = k/(4) 

A = A 1 A 2 A 3 = k 3 /(4) 

20Log 10 A = 42 

Log 10 A = 2.1-► A = 10 2 1 = 125.89 

k 3 = 4A = 503.57 
k = V503.57 =7.956 

Thus 

Ai = A 2 = 7.956, A 3 = 1.989 



Chapter 5, Solution 56. 


Using Fig. 5.83, design a problem to help other students better understand cascaded op 
amps. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Calculate the gain of the op amp circuit shown in Fig. 5.83. 


10 kQ 40 kQ 



Figure 5.83 For Prob. 5.56. 




Chapter 5, Solution 57. 


Let vi be the output of the first op amp and v 2 be the output of the second op amp. 

The first stage is an inverting amplifier. 

" 50 

Vi = -—v sl = -2v sl 

The second State is a summer. 


v 2 = -(100/50)v s2 - (100/100)vi = -2 v s2 + 2v s i 
The third State is a noninverting amplifier 

V ° = (1+ ^ )Vz = 3Vz = 6Va ~ 6Vs2 



Chapter 5, Solution 58. 


Looking at the Circuit, the voltage at the right side of the 5-kQ resistor must be at OV if 
the op amps are working correctly. Thus the 1 -1<Q is in series with the parallel 
combination of the 3-kQ and the 5-kQ. By voltage division, the input to the voltage 
follower is: 


Vi = —— (0.6) = 0.3913 V = to the output of the First op amp. 
1 + 3|5 

Thus, 

v 0 = -10((0.3913/5)+(0.3913/2)) = -2.739 V. 


0 - v 


o 


4k 


684.8 pA. 



Chapter 5, Solution 59. 


The first stage is a noninverting amplifier. If v i is the output of the first op amp, 
Vi = (1 + 2R/R)v s = 3v s 
The second stage is an inverting amplifier 

Vo = -(4R/R)v i = —4vi = -4(3 v s ) = -12v s 

v 0 /v s =- 12 . 



Chapter 5, Solution 60. 

The first stage is a summer. Let V j be the output of the first stage. 


10 10 

V-, =-V:-V 0 

5 4 

By voltage division, 

10 5 

v, =-v n = —v_ 

1 10+2 0 6 o 

Combining (1) and (2), 

fv 0 =-2v 1 -2.5v 0 


-> v, = -2Vi - 2.5v 0 


10 _ 

— V n =-2V: 


( 1 ) 

( 2 ) 


— = - 6/10 = - 0.6 



Chapter 5, Solution 61. 


The first op amp is an inverter. If vi is the output of the first op amp, 
Vi = -<200/100)(0.4) = -0.8 V 
The second op amp is a summer 
V 0 = -(40/10X-0.2) - (40/20) (-0.8) = 0.8 + 1.6 

= 2.4 v. 



Chapter 5, Solution 62. 


Let v i = output of the first op amp 
v 2 = output of the second op amp 


The first stage is a summer 


R 7 R, 

V 1 =- “Vj -“V. 

Rj R f 


( 1 ) 


The second stage is a follower. By voltage division 


R, 


v o = v 2 = 


R 3 + R 4 


R 3 + R 4 

-> v, = — -— v„ 


R 


( 2 ) 


From (1) and (2), 


1 +^ 
R 


R R r, 

V„ =-— V;-— V„ 


4 J 


R, 


R ( 


R 3 R, 

1 + ^- + ^^ 

R, R 


R. 


f J 


v =-— v. 

R, 


-R 2 R 4 R f 


R 2_1_ _ __ 

R 1 1 . R 3 . R 2 /?! (R 2 R 4 + f + R 4 R f ) 


1 +-—+ - 

R 4 R f 



Chapter 5, Solution 63 


The two op amps are summers. Let vi be the output of the first op amp. For the first 
stage, 


v i =- 


R 9 R, 

—— y.-— v 

Ri 1 R 3 ° 


For the second stage, 


Rá R4 

v o =--Vi--V; 

R 5 R 6 


Combining (1) and (2), 


v„ = ■ 


r 4 

PO 

I 

P£í 

+ 

>’ 

ír 2 ' 

r 5 

vR>y 

1 r 5 i 

vR J 


R4 

v-— v- 

R, ‘ 


\ R;R," 

R3R5 J 


R 2 R 4 


R 


A 


R,R 5 R 


V; 


6 J 


Vq * 1*5 *6 

V, í * 2*4 

* 3*5 


( 1 ) 


( 2 ) 






Chapter 5, Solution 65 


The output of the first op amp (to the left) is 6 mV. The second op amp is an inverter so 
that its output is 

v — (6mV) = -18mV 
10 

The third op amp is a noninverter so that 


v 


o 


40 

40 + 8 V ° 


= —v.'=-21.6mV 
40 0 - 



Chapter 5, Solution 66. 


We can start by looking at the contributions to v Q from each of the sources and the fact 
that each of them go through inverting amplifiers. 


The 6 V source contributes -[100k/25k]6; the 4 V source contributes 
-[40k/20k][-(100k/20k)]4; and the 2 V source contributes -[100k/10k]2 or 


v 


o 


-100 

25 


( 6 ) 


40 f 
20 v 


100 

~2Õ 


(4) 


100 

TtT 


( 2 ) 


=-24+ 40-20= -4V 



Chapter 5, Solution 67 


80 < 80 \o.3)-^ 


V 


20 


40 


= 4.8-2.8 = 2 V. 


20 


(0.7) 



Chapter 5, Solution 68. 


If R q = oo, the first stage is an inverter. 


V a =-—(15) = -45mV 


when V a is the output of the first op amp. 
The second stage is a noninverting amplifier. 


v 0 = 1 + - v a =(l + 3)(-45)=-180mV. 
v 2 ) 



Chapter 5, Solution 69. 


In this case, the first stage is a summer 

v a =-—(15)-—v 0 =-45-1.5v 0 
5 10 

For the second stage, 

v.=|l + fk=4v,=4(-45-L5v 0 ) 

V L ) 

180 

7v o = -180 v o =—— = -25.71 mV. 



Chapter 5, Solution 70. 


The output of amplifier A is 


v A = - — (1)- — (2) = -9 

10 10 


The output of amplifier B is 


20 


20 


v B =- — (3)-— (4) = -14 


10 


10 


40 kQ 



v b 


10 


60 + 10 


(-14) = -2V 


At node a, 


20 


40 


But v a = Vb = -TV, 2(-9+2) = -2-v 0 


Therefore, v G = 12V 



Chapter 5, Solution 71 





Chapter 5, Solution 72. 


Since no current flows into the input terminais of ideal op amp, there is no voltage 
drop across the 20 kQ resistor. As a voltage summer, the output of the first op 
amp is 

v,)i = 1.8 V 


The second stage is an inverter 


v 2 = 


250 

Tõõ 


'01 


=-2.5(1.8) = -4.5 V. 



Chapter 5, Solution 73. 

The first stage is a noninverting amplifier. The output is 

v =— (1.8) + 1.8 = 10.87 
o1 10 

The second stage is another noninverting amplifier whose output 

v L = v 01 = 10.8V 



Chapter 5, Solution 74. 


Let v i = output of the first op amp 
v 2 = input of the second op amp. 

The two sub-circuits are inverting amplifiers 


v, = — 


100 

7õ~ 

32 


(0.9) = -9V 


v, =-(0.6) = -12V 

1.6 


v, -v 2 _ -9 + 12 
20k 20k 


150 pA. 



Chapter 5, Solution 75. 


The schematic is shown below. Pseudo-components VIEWPOINT and IPROBE are involved as 
shown to measure v G and i respectively. Once the circuit is saved, we click Analysis I Simulate . 
The values of v and i are displayed on the pseudo-components as: 

i = 200 pA 

(v 0 /v s ) = -4/2 = -2 


The results are slightly different than those obtained in Example 5.11. 











Chapter 5, Solution 76. 


The schematic is shown below. IPROBE is inserted to measure i G . Upon simulation, the value 
of i 0 is displayed on IPROBE as 


i 0 = -562.5 pA 





Chapter 5, Solution 77. 


The schematic for the PSpice solution is shown below. 

Note that the output voltage, -6.686 mV, agrees with the answer to problem, 5.48. 



































Chapter 5, Solution 78. 


The circuit is constructed as shown below. We insert a VIEWPOINT to display v 0 . Upon 
simulating the circuit, we obtain, 

Vo = 667.75 mV 




Chapter 5, Solution 79. 


The schematic is shown below. 


Vo = -4.992 V 


R3 R4 R5 



Checking using nodal analysis we get, 

For the first op-amp we get v a i = [5/(20+10)] 10 = 1.6667 V = v b i. 

For the second op-amp, [(v b i - l)/20] + [(v b i - v c2 )/10] = 0 or v C 2 = 10[1.6667—1)/20] + 
1.6667 = 2 V; 


[(v a 2 - v c2 )/40] + [(v a2 - VcO/100] = 0; and v b2 = 0 = v a2 . This leads to v c i = -2.5v c2 . 
Thus, 


= -5 V. 










































Chapter 5, Solution 80. 


The schematic is as shown below. After it is saved and simulated, we obtain 

v 0 = 2.4 V. 




































































Chapter 5, Solution 81. 

The schematic is shown below. We insert one VIEWPOINT and one IPROBE to measure v 
and i 0 respectively. Upon saving and simulating the circuit, we obtain, 

v 0 = 343.4 mV 

i 0 = 24.51 pA 




Chapter 5, Solution 82. 

The maximum voltage levei corresponds to 

11111 = 

Hence, each bit is worth (7.75/31) 


: 5 - 1 = 31 

= 250 mV 



Chapter 5, Solution 83. 

The result depends on your design. Hence, let Rg = lOkohms, Ri = 10 k ohms, R 2 = 20 k 
ohms, R 3 = 40 k ohms, R 4 = 80 k ohms, R 5 = 160 k ohms, Rô = 320 k ohms, then, 

-v 0 = (R f /Ri)v 1 + - + (R f /R 6 )v 6 

= vi + 0.5v 2 + 0.25v 3 + 0.125v 4 + 0.0625v 5 + 0.03125v6 

(a) IvoI = 1.1875 = 1 + 0.125 + 0.0625 = 1 + (1/8) + (1/16) which implies, 

[v 1 V 2 V 3 V 4 V 5 v 6 ] = [100110] 

(b) IvoI = 0 + (1/2) + (1/4) + 0 + (1/16) + (1/32) = (27/32) = 843.75 mV 

(c) This corresponds to [1 1 1 1 1 1], 

Ivol = 1 + (1/2) + (1/4) + (1/8) + (1/16) + (1/32) = 63/32 = 1.96875 V 




Chapter 5, Solution 84. 


(a) The easiest way to solve this problem is to use superposition and to solve for each 

term letting all of the corresponding voltages be equal to zero. Also, starting with 
each current contribution (ik) equal to one amp and working backwards is easiest. 


2R R R R 



For the first case, let v 2 = v 2 = v 4 = 0, andii = IA. 
Therefore, vj = 2R volts orij = vi/(2R). 

Second case, let Vi = v 3 = v 4 = 0, andi 2 = IA. 


2R R R R 



Simplifying, we get, 






2R 



Therefore, V 2 = lxR + (3/2)(2R) = 4R volts or 12 = V 2 /( 4 R) or 12 = 
0.25v2/R. Clearly this is equal to the desired l/4 th . 

Now for the third case, let vi = v 2 = v 4 = 0, and Í 3 = IA. 


2R 



The voltage across the 5R/3-ohm resistor is 5R/2 volts. The current through the 
2R resistor at the top is equal to (5/4) A and the current through the 2R-ohm 
resistor in series with the source is (3/2) + (5/4) = (11/4) A. Thus, 





21R/11 

-^vw-« 



Since the current through the equivalent 21R/11-ohm resistor is (11/4) amps, the 
voltage across the 2R-ohm resistor on the right is (21/4)R volts. This means the 
current going through the 2R-ohm resistor is (21/8) A. Finally, the current going 
through the 2R resistor in series with the source is ((ll/4)+(21/8)) = (43/8) A. 

Now, V 4 = (21/4)R + (86/8)R = (128/8)R = 16R volts or i 4 = v 4 /(16R) or 
0.0625v 4 /R. This is just what we wanted. 


(b) If Rf = 12 k ohms and R = 10 k ohms, 

-Vo = (12/20)[ Vl + (v 2 /2) + (v 3 /4) + (v 4 /8)] 
= 0.6[vi + 0.5v 2 + 0.25v 3 + 0.125v 4 ] 


For [vi v 2 v 3 v 4 ] = [10 11], 

Ivol = 0.6[1 +0.25 + 0.125] = 825 mV 
For [vi v 2 V 3 v 4 ] = [010 1], 

I vo I = 0.6[0.5 +0.125] = 375 mV 



Chapter 5, Solution 85. 

This is a noninverting amplifier. 


Vo = (1 + R/40k)v s = (1 + R/40k)2 
The power being delivered to the 10-kí2 give us 

P = 10 mW = (v o ) 2 /10k or v 0 = Vl0“ 2 xl0 4 = 10V 
Returning to our First equation we get 

10 = (1 + R/40k)2 or R/40k = 5-1=4 
Thus, R = 160 kíl. 



Chapter 5, Solution 86. 

Design a voltage controlled ideal current source (within the operating limits of the op 
amp) where the output current is equal to 200v s (t) pA. 


The easiest way to solve this problem is to understand that the op amp creates an output 
voltage so that the current through the feedback resistor remains equal to the input 
current. 

In the following circuit, the op amp wants to keep the voltage at a equal to zero. So, the 
input current is v s /R = 200v s (t) pA = v s (t)/5k. 

Thus, this circuit acts like an ideal voltage controlled current source no matter what 
(within the operational parameters of the op amp) is connected between a and b. Note, 
you can change the direction of the current between a and b by sending v s (t) through an 
inverting op amp circuit. 





Chapter 5, Solution 87. 


The output, v a , of the first op amp is, 

Va = (1 + (Rí/ROM (1) 

Also, Vo = (-R 4 /R 3 K + (1 + (R 4 /R3))V2 (2) 

Substituting (1) into (2), 

v 0 = (-R 4 /R 3 ) (1 + (R 2 /Ri))vi + (1 + (R 4 /R 3 ))v 2 
Or, V 0 = (1 + (R 4 /R3))V2 - (R 4 /R 3 + (R2R4/RlR3))Vl 

If R 4 = Ri and R 3 = R 2 , then, 

Vo = (1 + (R 4 /R 3 ))(V2 - Vi) 
which is a subtractor with a gain of (1 + (R4/R3)). 



Chapter 5, Solution 88. 


We need to find V-m at terminais a - b, from this, 

Vo = (R 2 /Ri)(1 + 2(R 3 /R 4 ))VTh = (500/25)(l + 2(10/2))V Th 


= 220V T h 


Now we use Fig. (b) to find V T h in terms of v;. 

a 




(a) (b) 


v a = (3/5) Vi , v b = (2/3 )ví 
V T h = v b -v a (1/15 )ví 


(vo/ví) = A v = -220/15 = -14.667 






Chapter 5, Solution 89. 


A summer with v 0 = -vi - (5/3)v2 where V 2 = 6-V battery and an inverting amplifier 
with vi = -12v s . 



Chapter 5, Solution 90. 


The op amp circuit in Fig. 5.107 is a current amplifier. Find the current gain i a /i s of the 
amplifier. 



Figure 5.107 
For Prob. 5.90. 

Solution 

Transforming the current source to a voltage source produces the circuit below, 
At node b, v b = (2/(2 + 4))v 0 = v 0 /3 


20 kQ 



At node a, (5i s -v a )/5 = (v a -v o )/20 

Butv a = v b = v 0 /3. 20i s - (4/3)v 0 = (l/3)v 0 - v G , or i s = v o /30 
i 0 = [(2/(2 + 4))/2]v 0 = v 0 /6 


io/is = (v o /6)/(v o /30) = 5 
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Vo 

R 2 
Í2 

Ío 

io = il + Í2 (1) 

But il = i s (2) 

Ri and R 2 have the same voltage, v Q , across them. 

Rúi = R 2 i 2 , which leads to i 2 = (Ri/R 2 )ii (3) 

Substituting (2) and (3) into (1) gives, 
io = i s (1 + R 1 /R 2 ) 
i 0 /i s = 1 + (R 1 /R 2 ) = 1 + 8/1 = 9 




Chapter 5, Solution 92 

The top op amp circuit is a non-inverter, while the lower one is an inverter. The output 
at the top op amp is 

Vi = (1 +60/30 )ví = 3ví 
while the output of the lower op amp is 
v 2 = -(50/20 )ví = -2.5ví 
Hence, v Q = vi-v 2 = 3vj + 2.5v; = 5.5v; 

v 0 /vi = 5.5 



Chapter 5, Solution 93. 


R3 



Atnodea, (vi-v a )/Ri = (v a -v 0 )/R 3 
Vi-V a = (Ri/R 2 )(v a - Vo) 

Vi + ÍRi/RsK = (l + Ri/RsK (1) 

But v a = Vb = v L . Hence, (1) becomes 

Vi= (1 +R 1 /R 3 )v l -(R 1 /R 3 )v 0 (2) 

io = v 0 /(R 4 + R 2 IIR l ), i L = (R 2 /(R 2 + R L ))io = (R 2 /(R 2 + Rl))(Vo/( R 4 + R 2 IIRl)) 


Or, 

v 0 — íl[(R 2 + Rl)( R 4 + R 2 IIRl)/R 2 

(3) 

But, 

Vl = ÍlRl 

(4) 


Substituting (3) and (4) into (2), 

Vi = (1+R 1 /R 3 )í l R l -R 1 [(R 2 + R l )/(R 2 R 3 )](R 4 + R 2 IIRl)Íl 


= [(IR, + Ri)/R 3 )Rl - Ri((R 2 + Rl)/(R 2 R 3 )(R 4 + (R 2 Rl/(R 2 + Rl))]íl 


= (1/A)í l 



Thus, 


1 + 


Ri 


R 


*l-* i 


3 J 


R 2 + Rl 
R 2 R 3 


V 


R 4 + 


R 2 Rl 

R 2 + R l J 


Please note that A has the units of mhos. An easy check is to let every resistor equal 1- 
ohm and Vi equal to one amp. Going through the circuit produces Íl = 1 A. Plugging into 
the above equation produces the same answer so the answer does check. 



Chapter 6, Solution 1. 

, = C| = 7.5(2^ 3í -6fe~ 3 ') = 15(1 - 3t)e‘ 3t A 
p = vi = 15(1—3t)e 3t • 2t e~ 3t = 30t(l - 3t)e“ 6t W. 

15(1 - 3t)e' 3t A, 30t(l - 3t)e“ 6t W 



Chapter 6, Solution 2. 

w(t) = (l/2)C(v(t)) 2 or (v(t)) 2 = 2w(t)/C = (20cos 2 (377t))/(50xl(r 6 ) = 
0.4xl0 6 cos 2 (377t) or v(t) = ±632.5cos(377t) V. Let us assume that v(t) = 
632.5cos(377t) V, which leads to i(t) = C(dv/dt) = 50xl(T 6 (632.5)(-377sin(377t)) 

= -11.923sin(377t) A. 


Please note that if we had chosen the negative valuefor v, 
then i(t) would have been positive. 



Chapter 6, Solution 3. 

Design a problem to help other students to better understand how capacitors work. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

In 5 s, the voltage acros s a 40-mF capacitor changes from 160 V to 
220 V. Calculate the average current through the capacitor. 


Solution 


i = C— = 40xl0“ 3 
dt 


220-160 

5 


= 480 mA 



Chapter 6, Solution 4. 


v 


ij> + v(0) 


1 f / 

— J Q 4sin(4í)í/í+ 1 


( 0-8 ^ 

l 4 ) 


+1 = -0.2cos(4í) + 0.2 +1 


= [1.2 - 0.2 cos(4t)] V. 



Chapter 6, Solution 5. 


v = 


5000t, 0 < t < 2ms 

< 20-5000t, 2 < t < 6ms 
- 40 + 5000t, 6 < t < 8ms 


dv _ 4x10 6 
dt “ 10 3 


0<t< 2ms 
2<t<6ms=< 
6< t<8ms 


20 mA, 
-20 mA, 
20 mA, 


0<t< 2ms 
2<t< 6ms 
6<t< 8ms 



Chapter 6, Solution 6. 

i = C— = 55x10 6 times the slope of the waveform. 
dt 

For example, for 0 < t < 2, 

dv _ 10 

dt ~ 2x10 3 

i = C— = (55x10 6 ) 10 , = 215mA 

dt 2x10 3 

Thus the current i(t) is sketched below. 




Chapter 6, Solution 7. 


1 

v = — 
C 


J idt + v(t a ) 


1 

25.1-10 3 



2.5 1 2 
25 


+ 10 = [0.1t 2 + 10]V. 


3 dt +10 



Chapter 6, Solution 8. 


(a) i = C— = -\00ACe m, -600BCe- (,m (1) 

clt 

z(0) = 2 = -100AC - 6005C -> 5 = -A-6B (2) 

v(0 + ) = v(0) -> 50 = A + B (3) 

Solving (2) and (3) leads to 
A=61, B=-l 1 

(b) Energy = ^-Cv 2 (0) = ^-x4xl0 3 x2500 = 5J 

(c) From (1), 

i = -100x61x4x10 ^ 100 ' - 600xllx4xlO-V 600 ' = - 24.4éT 100f - 26.4 íT 600í A 



Chapter 6, Solution 9. 


v(t)= ^£6(l-e“ t )üt + 0 = 12(t + e“ t J| ) V = 12(t + e l ) - 12 

v(2) = 12(2 + e 2 ) - 12 = 13.624 V 

p = iv = [12 (t + e' 1 ) - 12]6(l-e' t ) 

p(2) = [12 (2 + e 2 ) - 12]6(l-e' 2 ) = 70.66 W 



Chapter 6, Solution 10 


i = C 


dv 

dt 


= 5x10 3 


dv 

dt 


v = < 


16 1, 
16, 

64-161, 


0 < t < l//s 
1 < t < 3 zus, 

3 < t < 4//s 


dv 

dt 


16xl0 6 , 0 < t < l//s 

< 0, 1 < t < 3 jus 

-16xl0 6 , 3<t<4//s 


i(t) = < 


80 kA, 

0 , 


[- 80 kA, 


0 < t < 1/fi 

1 < t < 3 /js 
3 < t < 4jus 



Chapter 6, Solution 11. 



1 

4x10 3 



For 0<t <2, i(t)=15mA, V(t)= 10+ 


v = 10 + 


10 3 

4x10 3 


Jl5dt = 10+ 3.76t 

0 


v(2) = 10+7.5 =17.5 
For 2 < t <4, i(t) = -10 mA 

v(t) =—f i(t)dt + v(2) = - 10>aQ 3 [dt + 17.5 = 22.5+2.5t 
4x10 3 í 4x10 3 l 


v(4)=22.5-2.5x4 =12.5 

1 r 

For 4<t<6, i(t) = 0, v(t) = - T f Odt + v(4)=12.5 

4x10 3 [ 

For 6<t<8, i(t) =10 mA 

IOyIO 3 í. 

V(t) = , dt + v(6) =2.5(t - 6) +12.5 = 2.5t - 2.5 

4xL0 { 


Hence, 

10 + 3.75tV, 0 < t < 2s 
22.5-2.5tV, 2 < t < 4s 
12.5 V, 4 < t < 6s 
2.5t - 2.5 V, 6 < t < 8s 
which is sketched below. 





Chapter 6, Solution 12. 


i R = V/R = (30/12)c 20(101 = 2.5 c 20001 and i c = C(dv/dt) = 0.1x30(-2000) c 20(101 
= -6000 e _2000t A. Thus, i = Ír + ic = -5,997.5 e -2000t . The power is equal to: 

vi = -179.925 e" 4000t W. 



Chapter 6, Solution 13. 

Under dc conditions, the circuit becomes that shown below: 



i 2 = 0, ii = 60/(70+10+20) = 0.6 A 
V! = 70ii = 42 V, v 2 = 60-20ii = 48 V 

Thus, v i = 42 V, v 2 = 48 V. 




Chapter 6, Solution 14. 


20 pF is in series with 60pF = 20*60/80=15 pF 
30-pF is in series with 70pF = 30x70/100=2 lpF 
15pF is in parallel with 21pF = 15+21 = 36 pF 



Chapter 6, Solution 15. 

Arranging the capacitors in parallel results in circuit shown in Fig. (1) (It should 
be noted that the resistors are in the circuits only to limit the current surge as the 
capacitors charge. Once the capacitors are charged the current through the 
resistors are obviously equal to zero.): 

vi = v 2 = 100 



woo = -Cv 2 = — .r25.rl0~ 6 xL00 2 = 125 mj 
2 2 

w 30 = -.r75.rl0 6 xl00 2 = 375 mj 
2 

(b) Arranging the capacitors in series results in the circuit shown in Fig. (2): 

v, = ° 2 V = —xl00 =75 V, v 2 = 25 V 

C,+C 2 100 

w 25 = — .r25.rl0~ 6 .x;75 2 =70.31 mj 
2 


1 


W 75 = —*75x10 *25 = 23.44 mj. 
2 


(a) 125 mj, 375 mj (b) 70.31 mj, 23.44 mj 





Chapter 6, Solution 16 


C 


eq 


= 14 + 


Cjc80 
C + 80 


= 30 


+ C — 20 juF 



Chapter 6, Solution 17. 


(a) 4F in series with 12F = 4 x 12/(16) = 3F 

3F in parallel with 6F and 3F = 3+6+3 = 12F 
4F in series with 12F = 3F 
i.e. C eq = 3F 

(b) C eq = 5 + [6x(4 + 2)/(6+4+2)] = 5 + (36/12) = 5 + 3 = 8F 

(c) 3F in series with 6F = (3 x 6)/9 = 2F 

1 111 

- =-+-+-=1 

C eq 2 6 3 

C eq = 1F 



Chapter 6, Solution 18. 


4 jliF in parallel with 4 pF = 8 jliF 

4 pF in series with 4 pF = 2 jliF 

2 jliF in parallel with 4 pF = 6 pF 

Hence, the circuit is reduced to that shown below. 


8 pF 




Chapter 6, Solution 19. 


We combine 10-, 20-, and 30- // F capacitors in parallel to get 60 /u F. The 60 - 
capacitor in series with another 60- // F capacitor gives 30 // F. 

30 + 50 = 80// F, 80 + 40 = 120 ju F 
The circuit is reduced to that shown below. 

12 120 



120- /u F capacitor in series with 80 /u F gives (80xl20)/200 = 48 
48 + 12 = 60 

60- // F capacitor in series with 12 // F gives (60xl2)/72 = 10 pF 



Chapter 6, Solution 20. 

Consider the circuit shown below. 


Ci 

c 2 


c 3 


C 1 = l+1= 2//F 
C 2 = 2+2 + 2 = 6//F 

C 3 = 4x3 = 12//F 

1/Ceq = (1/Ci) + (1/C 2 ) + (1/C 3 ) = 0.5 + 0.16667 + 0.08333 = 0.75xl0 6 


Ceq = 1.3333 pF. 



Chapter 6, Solution 21. 


4pF in series with 12pF = (4x12)/16 = 3pF 

3jliF in parallel with 3pF = 6juF 

6 jliF in series with 6pF = 3jiiF 

3jliF in parallel with 2pF = 5pF 

5pF in series with 5pF = 2.5pF 

Hence C eq = 2.5 pF 



Chapter 6, Solution 22. 


Combining the capacitors in parallel, we obtain the equivalent circuit shown below 

a b 


60 pF 



30 pF 


20 pF 


Combining the capacitors in series gives C', q , where 
1 


_J_ J_ J__J_ 

cT~ 6Õ + 2Õ + 30~ lÕ 


CL, = 10pF 


eq 


Thus 


C eq = 10 + 40 = 50 pF 



Chapter 6, Solution 23. 


Using Fig. 6.57, design a problem to help other students better understand how capacitors work 
together when connected in series and parallel. 

Although there are many ways to work this problem, this is an example based on the same ki nd 
of problem asked in the third edition. 

Problem 


For the circuit in Fig. 6.57, determine: 


(a) the voltage across each capacitor, 

(b) the energy stored in each capacitor. 



6 pF 
3 pF 


Figure 6.57 


Solution 


(a) 3pF is in series with 6pF 3x6/(9) = 2pF 

v 4 jjf = 1/2 x 120 = 60V 
V 2|iF = 60V 

v 6 , F = -^-(60)=20V 
6 + 3 

v 3 jjf = 60 - 20 = 40V 

(b) Hence w = 1/2 Cv 2 

w 4 |jf = 1/2 x 4 x IO' 6 x 3600 = 7.2mJ 
W2|.iF = 1/2 x 2 x 10 6 x 3600 = 3.6mJ 
w 6 |íf = 1/2 x 6 x 10 6 x 400 = 1.2mJ 
w 3m f = 1/2 x 3 x IO' 6 x 1600 = 2.4mJ 










Chapter 6, Solution 24. 


20pF is series with 80)uiF = 20x80/(100) = 16jiiF 
14(_iF is parallel with 16piF = 30piF 

(a) V 3 o m f = 90V 
V60nF = 30V 
v i 4 M f = 60 V 

80 

v 20 lif =-x60 = 48V 

M 20 + 80 

v 80ff = 60 - 48 = 12V 

(b) Since w = — Cv 2 

2 

w 3 0 ff = 1/2 x 30 x IO' 6 x 8100 = 121.5mJ 
W 60 ff = 1/2 x 60 x 10 6 x 900 = 27mJ 
w i 4 ^F = 1/2 x 14 x 10' 6 x 3600 = 25.2mJ 
w 20 ^f = 1/2 x 20 x IO' 6 x (48) 2 = 23.04mJ 

wgonF = 1/2 x 80 x 10 6 x 144 = 5.76mJ 



Chapter 6, Solution 25 


(a) For the capacitors in series, 


Qi = Q2 


“► C1V1 - C2V2 


c 


2„ C 1+ C 2 


Vs = Vi +V 2 = —V 2 +V 2 = 
'-'1 


Q 


v 2 C, 


-* V 2 = 


C, 


C j + C 1 


Similarly, v,= 


C j + C 2 


(b) For capacitors in parallel 

Qi Q2 


Vi = V 2 


C C 

v 'i ^2 


C, 


Q s - Qi + Q2 - —— Q 2 + Q 2 - 

o 


Q+C2 
c 


Q: 


or 


C 7 

q 2 - 


c,+c 2 


Qi= ^r Q ‘ 


i= dQ 

dt 


-> h = 


C, 


1 Cj+C 2 


l 2 — 


C I + C 2 



Chapter 6, Solution 26. 


(a) C eq = C!+C 2 +C 3 =35pF 

(b) Qi =Civ = 5 x 150pC = 0.75mC 
Q 2 = C 2 v = 10 x 150pC = 1.5mC 
Q 3 = C 3 v = 20 x 150 = 3mC 

(c) w = |c eq v 2 = |x35xl50 2 pJ = 393.8mJ 



Chapter 6, Solution 27. 


If they are all connected in parallel, we get C T = 4x4//F = 16//F 
If they are all connected in series, we get 


: T 4//F 


-> C t = ]//F 


All other combinations fali within these two extreme cases. Hence, 


C min = 1 fiF, C max = 16 pF 



Chapter 6, Solution 28. 

We may treat this like a resistive circuit and apply delta-wye transformation, except that 
R is replaced by 1/C. 



1 



f 1 A 


vlOÃ40y 


í i A 


vl0Ã30y 


v30 aw; 


40 


1 

30 

A A A-A 

40 1Õ 40 _ 10 


C a = 5pF 

1 1 1 

1 _ 40Õ + 30Õ 1200 _ 2 
C b 1 30 

10 

C b = 15pF 

1 1 1 

1 _ 400 300 1200 _ 4 

C c A 15 

40 

C c = 3.75pF 


Cb in parallel with 50pF = 50 + 15 = 65 pF 
C c in series with 20pF = 23.75pF 

65pF in series with 23.75pF = 65x23.75 _ ^ 39 ^ 

88.75 

17.39pF in parallel with C a = 17.39 + 5 = 22.39pF 


Hence C eq = 22.39pF 



Chapter 6, Solution 29. 


(a) C in series with C = C/(2) 

C/2 in parallel with C = 3C/2 



C eq 2C 2C C 
C eq = 1 C 



Chapter 6, Solution 30. 


v * fidt + KO) 

C Jo 

ForO<t<l, i = 90t mA, 

10~ 3 r> 

v = -- í 90 tdt + 0 = 15 rkV 

3xl0~ 6 J « 

v 0 (l)= 15 kV 

For 1< t < 2, i = (180 - 90t) mA, 

Vo = TTn^f <180 “ 90 ' ) ' , ' + v - (1) 

= [60t-15^! +15iV 

= [60t - 15t 2 - (60-15) + 15] kV = [60t - 15t 2 - 30] kV 


v .(0 


1 5t 2 kV, 0<t<l 

[60t-15t 2 -30]kV, l<t <2 
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h(t) = 


30 tmA, 
30 mA, 


-75 + 15 t. 


0<t <1 
\<t <3 
3<t<5 


C eq = 4 + 6 = 10pF 
v = 1 Jidt + v( 0 ) 


C 


eq 


For 0 < t < 1, 


10 


v = ■ 


10 x 10 


-6 


f 30í dt + 0 = 1.5t 2 kV 

Jo 


For 1 < t < 3, 

KF r‘ 
10 

= [3f — 1.5]ikV 


v = 


—J' 20 dt + v(l) = [3(í -1) + í.5]kV 


For 3 < t < 5, 


10 3 rt 


v = ■ 


10 


J 3 15(í-5)Jí + v(3) 

' 3 +7.5kV = [0.75r -7.5 1 + 23.25]Fy 


1.5-7.5 1 

2 


v{t) = 


1.5 t 2 kV, 
[3t-l.5]kV, 


0 < t < ls 
1 < t < 3s 


[0.7 5t 2 - 7.5 1 + 23.25 ]kV, 3 < t < 5s 


h=C, 


h = 


dv 


= 6 x 10 6 


dt 

18 tmA, 


18 mA, 


[9 1 - 45]mA 


dv 

dt 

0 < t < ls 
1 < t < 3s 
, 3<t <5s 


x 2 ~ C 2 


dv 

dt 


= 4xl0 “ 6 


dv 

dt 



12tmA, 0 < t < ls 

12 mA, 1 < t < 3s 

[6 1 - 30]/nA, 3 < t < 5s 




Chapter 6, Solution 32. 


(a) C eq = (12x60)/72 = 10 // F 

10 3 t 

V, =-r f 50 e~ 2, dt + v, (0) = - 2083íT 2í \[ + 50 = - 2083íT 2 ' + 21331^ 

12xl0 -6 { -^- - 

lft-3 t 

v, =-- f 50 e~ 2, dt + v,(0) = - 416.7éT 2r |' + 20 = - 416.7éT 2 ' + 436.7F 

‘ óOxlO -6 J 2 -1®- - 

(b) At t=0.5s, 

V\ = -2083e" 1 + 2133 = 1366.7, v 2 = -416.7^ + 436.7 = 283.4 

^ a /jf = -x12x10" 6 x(1366.7) 2 = 11.207 J 

w 2ü fJ F = — jc20jc10“ 6 jc( 283.4) 2 = 803.2 mj 

w 4{)fjF = -x40x10- 6 x(283.4) 2 = 1.6063 J 

2 



Chapter 6, Solution 33 

Because this is a totally capacitive circuit, we can combine all the capacitors using 
the property that capacitors in parallel can be combined by just adding their 
values and we combine capacitors in series by adding their reciprocais. However, 
for this circuit we only have the three capacitors in parallel. 

3F + 2F = 5F (we need this to be able to calculate the voltage) 

C T h = Ceq = 5+3+2 = 10 F 

The voltage will divide equally across the two 5 F capacitors. Therefore, we get: 
V Th = 15 V, C Th = 10 F. 

15 V, 10 F 



Chapter 6, Solution 34. 

i = 10c 1/2 

v = L— = IOjcIO 3 (10)f -\ tn 
clt \2J 

= -50e' t/2 mV 

v(3) = -50e~ 3/2 mV = -11.157 mV 
p = vi = -500e _t mW 

p(3) = -500c 3 mW = -24.89 mW. 



Chapter 6, Solution 35. 


I^di l__ v _ 160x10 3 

V “ L dt > “ di/dt “ (100-50)xl0 3 

2x10 3 


= 6.4 mH 



Chapter 6, Solution 36. 


Design a problem to help other students to better understand how inductors work. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

The current through a 12-mH inductor is i(t) = 30te 2t A, t > 0. Determine: (a) the 
voltage across the inductor, (b) the power being delivered to the inductor at t = 1 s, (c) 
the energy stored in the inductor at t = 1 s. 

Solution 


(a) v = = 12x10 3 (30e 2t - 60te 2t ) = (0.36-0.72t)e 2t V 

(b) p = vi = (0.36- 0.72x])e 2 x30xte 2 = 0.36x30e 4 = -0.1978 W 

(c) w = |lí 2 = 0.5xl2xlCT 3 (30xlxe~ 2 ) 2 = 98.9 mj. 



Chapter 6, Solution 37. 

v = L— = 12x10 3 x4(100)cosl00t 
dt 

= 4.8 cos (100t) V 

p = vi = 4.8 x 4 sin 100t cos 100t = 9.6 sin 200t 

ft 1-11/200 

w = í pdt = [ 9.6sin200t 

J o J o 

= _^_ cos 200t|“ /200 J 
200 1 

= -48(cos n - l)mJ = 96 mj 

Please note that this problem could have also been done by using (V^Li 2 . 



Chapter 6, Solution 38. 

v = L — = 40x10 3 (e~ 2t -2te 2, )dt 
dt v r 

= mi-2t)e 2t mV ,t >0 



Chapter 6, Solution 39 


v = L—->i = — fnidt + i(0) 

dt L J0 


i =----|I(3t 2 + 2t + 4)dt +1 

200 xl0“ 3 


= 5(t 3 +1 2 + 4t) 1 +1 
0 


i(t) = [5t 3 + 5t 2 + 20t + 1] A 



Chapter 6, Solution 40. 


i = 


5t, 

10 , 


30-5t, 


0<t< 2ms 
2<t< 4ms 
4<t< 6ms 


v = 



5x10 
10 3 


5, 

0 , 

-5, 


0<t< 2ms 
2<t< 4ms =< 
4<t< 6ms 


25, 

0 , 

-25, 


0 <t< 2ms 
2<t< 4ms 
4<t< 6ms 


At t = lms, v = 25 V 
At t = 3ms, v = 0 V 
At t = 5ms, v= -25 V 



Chapter 6, Solution 41. 

‘ = í; JÒ Vdt + C = (0o' 20 (‘ ■ e_2t ^ + c 

/ 1 \ 

= 10 t + —e _2t o+C = 10t + 5e _2t - 4.7A 

l 2 J° 

Note, we get C = -4.7 from the initial condition for i needing to be 0.3 A. 
We can check our results be solving for v = Ldi/dt. 

v = 2(10 - 10e )V which is what we started with. 

At t = 1 s, i = 10 + 5e' 2 - 4.7 = 10 + 0.6767 - 4.7 = 5.977 A 

w = -Li 2 = 35.72J 
2 



Chapter 6, Solution 42. 


i = ^-J vdt + i( 0 ) = ^-J v(t)dt-l 

For 0 < t < 1, i = — f dt -1 = 2t -1 A 
5 Jo 

For 1 < t < 2, i = 0 + i(l) = IA 

For 2 < t < 3, i= ijl0dt + i(2) = 2t|f+l 
= 2t- 3 A 


For 3 < t < 4, i = 0 + i(3) = 3 A 

For 4 < t < 5, i — ^J 4 t 10dt + i(4) = 2t|;+3 
= 2t- 5 A 

0<í <1 
l<t <2 
2<t <3 

3 < t < 4 

4 <t <5 


2t-lA, 

IA, 

i(t)= 2t-3A, 
3 A, 

21-5, 


Thus, 



Chapter 6, Solution 43. 


r t 1 9 1 

w = LÍ idt = — Li 2 (t)—Li (-ao) 
J -°° 2 2 

= x80xl0 -3 x(óOxlO _3 j 2 -0 

= 144 pj. 



Chapter 6, Solution 44. 


(a) v L = = 100x10 3 (-400)x50xl0 3 e 400t = z2e 

(b) Since R and L are in parallel, V R = V L = -2e -400t V 

(c) No 

(d) w = ^Li 2 = 0.5xl00xl(T 3 (0.05) 2 = 125 pj. 


400t y 



Chapter 6, Solution 45. 


i(t) = 7 “{ 0 v (t) + i( 0 ) 

For 0 < t < 1, v = 5t 

1 (*t 

i =-- 5t dt + 0 

10 x10 3 Jü 

= 250t 2 A 

For 1 < t < 2, v = -10 + 5t 

i =- 1 ~— f (-10 + 5t)dt + i(l) 

10 x10 3 Jl 

= £(0.5t-l)dt + 0.25kA 
= [1 -1 + 0.25t 2 ] kA 

250* 2 A, 0 < * < ls 

i(t) = 

[l-* + 0.25* 2 ]M, 1 < * < 2 s 



Chapter 6, Solution 46. 


Under dc conditions, the circuit is as shown below: 


2 Q 



By current division, 


í, = 


4 + 2 


(3) = 2A, v c = OV 


i T • 2 L 

w l =-L. l =- 






(2) 2 = 1J 


w c =|cv c 2 =i(2)(v)=0J 



Chapter 6, Solution 47. 

Under dc conditions, the circuit is equivalent to that shown below: 


R 



2 io 

lr = -(5) = - 

R + 2 R+2 


v„ = Ri, = 


10R 

R + 2 


1 „ 2 on in - 6 100R 2 

w=—Cv= 80x10 x-- 

c 2 (R + 2) 2 

1 , 2 „ 3 100 
w, = —Li: =2x10 3 x -- 

2 (R + 2) 2 

If w c = w L , 


80x10~ 6 x 1QQR = 2x10 Xl °- —► 80 x 10' 3 R 2 = 2 
(R + 2) 2 (R + 2) 2 


R = 5Q 



Chapter 6, Solution 48. 


Under steady-state, the inductor acts like a short-circuit, while the capacitor acts like 
an open circuit as shown below. 


i 



Using current division, 


i = (30k/(30k+20k))(5mA) = 3 mA 


v = 20ki = 60 V 



Chapter 6, Solution 49. 


Converting the wye-subnetwork to its equivalent delta gives the circuit below. 



5 mH 


30//0 = 0, 30//5 = 30x5/35=4.286 




30/7 4.286 = 


30x4.286 

34.286 


= 3.75 mH 



Chapter 6, Solution 50. 


16mH in series with 14 mH = 16+14=30 mH 
24 mH in series with 36 mH = 24+36=60 mH 
30mH in parallel with 60 mH = 30x60/90 = 20 mH 



Chapter 6, Solution 51. 


11111 

L “ 6Õ + 2Õ + 3Õ _ IÕ 

L = 10 mH 

L„=10(25 + 10)= 10 ; s 35 

= 7.778 mH 



Chapter 6, Solution 52. 

Using Fig. 6.74, design a problem to help other students better understand how inductors 
behave when connected in series and when connected in parallel. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Find L eq in the circuit of Fig. 6.74. 


10 H 



Figure 6.74 For Prob. 6.52. 

Solution 


5x15 

20 


3.75 H 


u q = 5//(7+ 3 + 10/7(4 + 6))== 5//(7+ 3+ 5)) 



Chapter 6, Solution 53. 

L eq =6 + 10 + 8||[5||(8 + 12) + 6||(8 + 4)] 

= 16 + 8||(4 + 4) = 16 + 4 



Chapter 6, Solution 54. 


L„ =4 + (9 + 3)||(l0||0 + 6||l2) 
= 4 + 12||(0 + 4) = 4 + 3 



Chapter 6, Solution 55 


(a) L//L = 0.5L, L + L = 2L 


L 


eq 


= L + 2L//0.5L = L + 


2L.xO.5L 
2L + 0.5L 


1.4L= 1.4 L. 


(b) L//L = 0.5L, L//L + L//L = L 

L eq = L//L = 500 mL 



Chapter 6, Solution 56. 


LLL 


1 

T 

L 


L 

3" 


Hence the given circuit is equivalent to that shown below: 


L 



L e q =L 


f 2 ^ 

L + -L 


V 


J 


Lx —L 

3 

l + 5 l 

3 


5 

8 


L 



Chapter 6, Solution 57 


T T UI 

Let v = L — 

eq dt 

(1) 

. di 

v = v 1+ v 2 =4— + v 2 
dt 

(2) 

i-il +i 2 -► Í2-Í-Í1 

(3) 

0 di, dij v, 

dt dt 3 

(4) 


and 


0 di di 2 

— v t + 2-h 5-— 0 

2 dt dt 

„di ^di, 
v, =2 —+ 5 — 

dt dt 


Incorporating (3) and (4) into (5), 


v !=2 * + 5*-5*!- = 7*-5^ 
dt dt dt dt 3 


1 + 

. v 

21 di 

v? =- 

8 dt 


= 7 — 
dt 


(5) 


Substituting this into (2) gives 

di 21 di 

v = 4 —+- 

dt 8 dt 


53 di 
~ 8 dt 

Comparing this with (1), 

t = —= 6.625 H 

eq 8 



Chapter 6, Solution 58. 


v = L— = 3— = 3 x slope of i(t). 
dt dt 

Thus v is sketched below: 



Chapter 6, Solution 59. 


(a) v s =(L 1 + L 2 )-i 

dt 


dt L| + L 2 

T di T di 

V 1 = L 1 TT’ V 2 =L 2T 

dt dt 


Zyj Z / 2 

V l= , . , 


1 l 1 + l 2 


L x + L 2 


(b) V; = v 2 = Lj ^ = L 2 

dt dt 


!. =1 1 +1 2 


di s _di t | di 2 _ v | v _ v (L,+L 2 ) 

dt dt dt Lj L 2 L,L 2 


1 r , 1 r L.L, di L 2 

i = — vdt = — ——--dt =-- —i 

L, J Lj J Lj +L 2 dt Lj +L 2 

1 r 1 r L.L, di , L. 

í, = — vdt = — —í—?--dt = - -—I 

L 2 L 2 Lj + L 2 dt Lj + /^2 



Chapter 6, Solution 60 


L '« =3//5= f 

° eq clt 8 dt K ’ 


-I5e 


-21 


i Q =j\v o (; t)dt + i a (0) = 2 + ij (-15 )e- 2, d 
^ o ^ o 


= 2 + 1.5é>^ 2 ' 


i 0 = (0.5 + 1.5e _2t ) A 



Chapter 6, Solution 61. 


(a) L n =20//(4+6)= 20x10/ 30= 6.667 mH 

Using current division, 


ii(t) = 


10 


10 + 20 


L = e 1 mA 


i 2 (t) = 2e 11 mA 


(b) v . = U ^ = T >a0~ 3 (-3e-'>d0- 3 ) = -20e -t L rt/ 


(c) w = - Li, 2 = - x20>dCr 3 xe~ 2 >d0~ 6 = 1.3534 nl 



Chapter 6, Solution 62. 


(a) L =25 + 20//60 = 25 + ^^ = 40mH 

eq 80 

7* 1 1 A-3 t 

v = L — -> i = - \v(t)dt + m = - T f I2e~ 3 'dt + /(O) = -0. \{e~ 3t -1) + i(0) 

q dt L eq J 40.^10 3 { 

Using current di vision and the fact that all the currents were zero when the circuit was put 
together, we get, 

• _60-_3. • _!• 

1 80 4 2 4 

íj(0) = |í( 0) -> 0.75i(0) = -0.01 -> i(0) = -0.01333 

i 2 =^(-0.k 3f +0.08667) A = - 25e‘ 3t + 21.67 mA 

í 2 (0) = -25 + 21.67 = - 3.33 mA 

(b) í, = |(-0.1íT 3f + 0.08667) A = - 75e~ 3t + 65 mA 

i, = - 25e 3t + 21.67 mA 



Chapter 6, Solution 63. 


We apply superposition principie and let 


=Vi +v 2 


whereviandv 2 areduetoii and i 2 respectivcly. 


r/z, di , (2, 0 < t < 3 

v, = L — L = 2—- = \ 

dt dt -2, 3<t<6 



Adding vi and v 2 gives v 0 , which is shown below. 




Chapter 6, Solution 64. 


(a) When the switch is in position A, 

i= -6 = i(0) 

When the switch is in position B, 

/(oo) = 12/4 = 3, t = L/R = 1/8 

i(f) = i(oo) + [/(0)-i(Qo)]e _í/ ‘ 

i(t) = (3 - 9e” St ) A 

(b) -12 + 4i(0) + v=0, i.e. v = 12 - 4i(0) = 36 V 

(c) At steady State, the inductor becomes a short circuit so that 

v = 0 V 



Chapter 6, Solution 65. 


(a) w 5 = ^L,i, = |x5x(4) 2 = 40 J 

w 20 =^(20)(-2) 2 = 40 J 

(b) W = W5 + W20 = 80 J 

(c) i : = —[ t -50e _200t dt + i 1 (0) = -í—l(50e“ 200t xlO“ 3 ) t +4 

1 L! J 0 nJ 5 v200 J' h 

= [5xlO' s (e' 200t - 1) + 4] A 

i 2 = J-í t -50e- 200t dt + i 2 (0) = ^-ÍJ-l(50e- 20 ° t xl0- 3 ) t -2 

2 L 2 j 0 2 2 oUooJ V ^0 

= [1.25xl0' s (e‘ 200t - 1) - 2] A 

(d) i = i í + i 2 = [6.25xl0‘ s (e' 200t - 1) + 2] A 



Chapter 6, Solution 66. 


If v=i, then 

. di 

1 = L— -> 

dt 

Integrating this gives 


dt di 


| = ln(i)-ln(C 0 ) = ln 

I j 

i(0) = 2 = Co 


I 


' i ' 


vCoy 


i — CqC 


t/L 


i(t) = 2e t/002 = 2e S0t A. 



Chapter 6, Solution 67. 


v = —— í vidt, RC = 50 x 10 3 x 0.04 x 10' 6 = 2 x 10 
RC J 

_i q3 

v D =———Jl0sin50tdt 

v 0 = 100cos(50t) mV 



Chapter 6, Solution 68. 


v = —— í vi dt + v(0), RC = 50 x 10 3 x 100 x 10' 6 = 5 
0 RC J 

v G = ílOdt + 0 = -2t 
5 Jo 

The op amp will saturate at v 0 = ±12 
-12 = -2t -► t = 6s 



Chapter 6, Solution 69. 





Chapter 6, Solution 70. 


One possibility is as follows: 


1 

RC 


= 50 


Let R = 100 kQ, C = -- 

50xl00xl0 3 


= 0.2 /zF 



Chapter 6, Solution 71. 

By combining a summer with an integrator, we have the circuit below: 



v 


O 





For the given problem, C = 2pF, 

RiC=l -► Ri = 1/(C) = 10 6 /(2) = 500 kQ 

R 2 C = 1/(4)-► R 2 = 1/(4C) = 500kQ/(4) = 125 kQ 

R 3 C= 1/(10)-► R 3 = 1/(10C) = 50 kQ 



Chapter 6, Solution 72. 

The output of the first op amp is 


v i 



1 f t J 100t 

--- - Vjdt = —— 

10xl0 3 x2xl0“ 6 Jo 2 


= - 50t 


v 


o 



1 

20xl0 3 x0.5xl0~ 6 


f(-50t)dt 

Jo 


= 2500t 2 


At t = 1.5ms, 

v 0 = 2500(1.5) 2 x10 -6 = 5.625 mV 



Chapter 6, Solution 73. 

Consider the op amp as shown below: 
Let v a = v b = v 




showing that the Circuit is a noninverting integrator. 



Chapter 6, Solution 74. 

RC = 0.01 x 20 x 10' 3 sec 

v Q = -RC^ = -0.2 —msec 
dt dt 

0 < t < 1 

1 < t < 3 
3 < t < 4 

Thus v 0 (t) is as sketched below: 



A v„(t) (V) 



Chapter 6, Solution 75 


v 0 = -RC^, RC = 250xl0 3 xl0xl0 6 = 2.5 
dt 


v„ =-2.5 — (12t)= -30 mV 
dt 



Chapter 6, Solution 76. 


v = -RC—RC = 50 x 10 3 x 10 x 10' 6 = 0.5 
0 dt 

dv; —10, 0 < t < 5 
v 0 = -0.5 —- = 

dt [ 5 , 5 < t < 15 

The input is sketched in Fig. (a), while the output is sketched in Fig. (b). 




Chapter 6, Solution 77 


i = Ir + ic 


^° = °^ + cA(o-v 0 ) 

R R F dt V 

R f C = 10 6 x10^ =1 


Hence v, = - 


v„ +- 


<K 

dt 


Thus Vi is obtained from v 0 as shown below: 



Vi(t) (V) 








Chapter 6, Solution 79. 


We can write the equation as 
clt 

which is implemented by the circuit below. 



Chapter 6, Solution 80. 


From the given circuit, 

d 2 v 0 lOOOkQ lOOOkQ dv 0 

dt 2 1 5000kQ V ° 200kQ dt 


or 


d \ + 5 ^L + 2v. 


dt 


dt 


= m 



Chapter 6, Solution 81 


We can write the equation as 



-5v-2 f(t) 


which is implemented by the circuit below. 



Chapter 6, Solution 82 


The circuit consists of a summer, an inverter, and an integrator. Such circuit is shown 
below. 




Chapter 6, Solution 83. 

Since two 10pF capacitors in series gives 5jiiF, rated at 600V, it requires 8 groups in 
parallel with each group consisting of two capacitors in series, as shown below: 

+ 

600 

Answer: 8 groups in parallel with each group made up of 2 capacitors in series. 




Chapter 6, Solution 84. 

v = L(di/dt) = 8x10 3 x5x27isin(7it)cos(7it)10 3 = 407isin(27it) pV 
p = vi = 407isin(27it)5sin 2 (7it)10 9 W, at t=0 p = 0W 

w = ^Li 2 = ^x8xl0 3 >[5sin 2 U/2)xl0 3 f = 4x25x10 9 = 100_n 

= íoo nJ 



Chapter 6, Solution 85 


It is evident that differentiating i will give a waveform similar to v. Hence, 

t di 

v = L — 

dt 

4t,0 < t < lms 
i = 

8 — 4t,l < t < 2ms 

di 4000L,0 < t < lms 
dt - 4000L,1 < t < 2ms 

[5V,0 < t < lms 

But, v = 

-5V,1 < t < 2ms 

Thus, 4000L = 5 ► L = 1.25 mH in a 1.25 mH inductor 



Chapter 6, Solution 86. 

V = v R + v L = Ri + L-^- = 12x2te 10t + 200x10 3 x(-20te 10t + 2e 10t ) = (0.4-20t)e 10t V 



Chapter 7, Solution 1. 


(a) x=RC = 1/200 

For the resistor, V=iR= 56e 200t = 8 Re 200t xlO 3 -> R= — = 7 kO 

8 - 

C = —- =--- T - 0.7143//F 

200R 200X7X10 3 -— 

(b) x =1/200= 5 ms 

(c) If value of the voltage at = 0 is 56 . 

- x56 = 56e 200t -> e 200t = 2 

2 

200t=ln2 -> t, =^~In 2 = 3.466 ms 

-o o 200 - 



Chapter 7, Solution 2. 


T = RthC 

where R* is the Thevenin equivalent at the capacitor terminais. 

R th = 120II 80 + 12 = 60 Q 
t = 60x 200 x 10" 3 =12 s. 



Chapter 7, Solution 3. 


R = 10 +20//(20+30) =10 + 40x50/(40 + 50)=32.22 kQ 

t = RC = 32.22X10 3 XI00X10 12 = 3.222 //S 



Chapter 7, Solution 4. 

For t<0, v(0")=40 V. 

For t >0. we have a source-free RC circuit. 

r = RC = 2xl0 3 xl0xl0 6 = 0.02 

v(t) = v(0)e t/r = 40e 50t V 



Chapter 7, Solution 5. 

Using Fig. 7.85, design a problem to help other students to better understand source-free 
RC circuits. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

For the Circuit shown in Fig. 7.85, fmd i(t), t>0. 



4Q 


Figure 7.85 For Prob. 7.5. 


Solution 

Let v be the voltage across the capacitor. 

For t <0, 

v(0 ) = ———t(24) = 16 V 
2 + 4 

For t >0, we have a source-free RC Circuit as shown below. 


+ 

v 



'1/3 F 


4 Q 


t = RC =(4+5)| = 3s 



v(t)= v(0)e t/r = 16e t/3 V 

i(t) = -C — = )16e t/3 =1.778e 

dt 3 3 


t/3 A 



Chapter 7, Solution 6. 


v o = v(0) - —(40) = 6.667 V 
10 + 2 

v(t) = ve t/T , t = RC = 40x10 6 x2x10 3 = — 
0 25 

v(t) = 6.667e~ 125t V 



Chapter 7, Solution 7. 


Assuming that the switch in Fig. 7.87 has been in position A for a long time and is 
moved to position B at t=0. Then at t = lsecond, the switch moves from B to C. 
Find Vc(t) for t > 0. 



Figure 7.87 
For Prob. 7.7 

Solution 

Step 1. Determine the initial voltage on the capacitor. Clearly it charges to 

12 volts when the switch is at position A because the Circuit has reached steady State. 

This then leaves us with two simple circuits, the first a 500 Q resistor in series with a 
2 mF capacitor and an initial charge on the capacitor of 12 volts. The second Circuit 
which exists from t = 1 sec to infinity. The initial condition for the second Circuit 
will be Vc(l) from the first circuit. The time constant for the first circuit is 
(500)(0.002) = 1 sec and the time constant for the second circuit is (1,000)(0.002) = 2 
sec. vc(°o) = 0 for both circuits. 

Step 1. 


vc(t) = 12e'* volts for 0 < t < 1 sec and = 12e' 1 e' 2<t ' 1) at t = 1 sec, and 
= 4.415e' 2,t ' 1) volts for 1 sec < t < oo. 

12e _t volts for 0 < t < 1 sec, 4.415e' 2<t ' 1) volts for 1 sec < t < oo. 




Chapter 7, Solution 8. 


(a) 


1 

x = RC = - 
4 


-i = C 


dv 

dt 


-0.2e" 4t = C(10)(-4)e' 4t - > C 


R = 


1 

4C 


= 50 Q 


1 


(b) 

x = RC = - = 0.25 s 

4 


1 

1 

(c) 

w c (0) = — CV 0 2 = 

— (5 x 10‘ 3 )(100) = 


1 1 


(d) 

w* = 2 X 2 CV " = 

= -CV 0 2 (l-e- 2t » /T 



. 1 


0.5 = 1- e" 8, ° — 

e' 8t ° = - 

2 


or e 8t ° = 2 



1 

t 0 = -ln(2) = 86.6 ms 
8 


5mF 


= 250 mj 

) 



Chapter 7, Solution 9. 


For t < 0, the switch is closed so that 

v o (0) - —^—(6) - 4 V 
2 + 4 

For t >0, we have a source-free RC Circuit. 

r = RC = 3x10 3 x4x!0 3 =12s 


v 0 (t) = v o (0)e _t/T = 4e _t/12 V. 



Chapter 7, Solution 10. 


For t<0, 


v(0 ) = —(36V)= 9V 
3 + 9 


For t>0, we have a source-free RC circuit 

r = RC = 3xL0 3 x20x!0 6 = 0.06s 


v 0 (t) = 9e“ 16 - 667 * V 


Let the time be t G . 

3 = 9 e^ 16 - 667t0 0 r e 16667to = 9/3 = 3 


to = ln(3)/16.667 = 65.92 ms. 



Chapter 7, Solution 11. 


For t<0, we have the circuit shown below. 

4 Q 4 






4114= 4x4/8=2 

i o (0“) = [2/(2+8)]6= 1.2 A 


For t >0, we have a source-free RL circuit. 


_ L _ 4 
T ~ R~ 4+8 


= 1/3 thus, 


i 0 (t) = 1.2e" 3t A. 



Chapter 7, Solution 12. 

Using Fig. 7.92, design a problem to help other students better understand source-free RL 
circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

The switch in the circuit in Fig. 7.90 has been closed for a long time. At t = 0, the switch is 
opened. Calculate i(t) for t > 0. 


/ = 0 



Solution 


When t < 0, the switch is closed and the inductor acts like a short circuit to de. The 4 Q resistor 
is short-circuited so that the resulting circuit is as shown in Fig. (a). 


3 Q 



i(0") 



(b) 


i(0-) = y = 4A 

Since the current through an inductor cannot change abruptly, 
i(0) = i(0 ) = i(0 + ) = 4 A 






















When t > 0, the voltage source is cut off and we have the RL circuit in Fig. (b). 


T 


L 

R 


2 

4 


= 0.5 


Hence, 

i(t) =i(0)e' t,/T = 4e' 2t A 



Chapter 7, Solution 13. 


(a) t = 


1 

10 3 


= lms 

= 1 ms. 


v(t) = i(t)R = 80e _1000t V = R5e' 1000t xlO' 3 or R = 80,000/5 = 16 kO. 
But T = L/R = 1/10 3 or L = 16xl0 3 /10 3 = 16 H. 


(b) The energy dissipated in the resistor is 
rfiQSQB ittCOC» 

w ■ f ptíf- t 0,4'ff" aa9,c d£' ■ 

• D >0 


Q,* 

2000 


g-:ccor 


É 


QQCB 


= 200(l-e^)xl0~ 6 = 126.42 pj. 


(a) 16 kO, 16 H, 1 ms (b) 126.42 jaJ 



Chapter 7, Solution 14. 


60x40 

í\ = (40 + 20)// (10 + 30) = = 24kQ 

SxlO 3 

T = L/ R = , = 0.2083//S 

24xl0 3 -— 



Chapter 7, Solution 15 


(a) R xh = 2 + 10//40 = 10Q, t = — = 5/10 = O5s 

R Th 

(b) R n =40//160 + 48 = 40Q, r = — = (20x10 3 )/80 = (X25ms 


(a) 10 O, 500 ms (b) 40 O, 250 ps 



Chapter 7, Solution 16. 


L. 


X = 


eq 


R 


eq 


R,R, R 9 (Ri+R,) + R,R 

(a) L = L and R eo = R 2 +—= ^-— 

w eq eq 2 R,+R 3 R,+R 3 


x = 


L(R 1 + R 3 ) 


R 2 (Ri +R,) + RjR, 


L,L 


1^2 


(b) where L eq = L +L 


x = 


and R eq =R 3 + 
LiL 2 (Ri + R 2 ) 


R jR 2 R 3 (R i 


Ri + R2 


(L 1 +L 2 )(R 3 (Rj+R 2 ) + R 1 R 2 ) 


+ R 2 ) + R|R 2 
R-i + R 2 



Chapter 7, Solution 17. 


i(t) = i(0)e- ,/T , 


L 1/4 1 

R^ = T = l6 


i(t) = 6e m 


v a (t) = 3i + L — = 18 e- ,6t + (l/4)(-16) 6 <? 46t 
clt 

v o (t)=-6e- 16 *u(t)V 



Chapter 7, Solution 18. 

If v(t) = 0, the circuit can be redrawn as shown below. 



i(t) = i(0)e' ,T = 5c“ 3t 

v 0 (t) = - L^- = ^(-3)5e- 3t =6e- 3t V 
dt 5 



Chapter 7, Solution 19. 


IV 



To find R th we replace the inductor by a 1-V voltage source as shown above. 

10ij -l + 40i 2 =0 
But i = i 2 + i/2 and i = 
i.e. ij = 2i 2 = i 

1 

10i-l + 20i = 0 - > i = — 



i(t) = 6 e' 5t u(t) A 




Chapter 7, Solution 20. 


(a) 


(b) 

(c) 


T 

V 


L__ J_ 
R “ 50 

-L— 

dt 


> R = 50L 


90e" 50t = -L(30)(-50)e‘ 50t -> 

R = 50L = 3 fl 


L = 60 mH 


R 50 

w = |l/ 2 (0)=|(0.06)(30) 2 = 27 J 

The value of the energy remaining at 10 ms is given by: 


w 10 = 0.03(30e^°' 5 ) 2 = 0.03(18.196) 2 = 9.933 J. 


So, the fraction of the energy dissipated in the first 10 ms is given by 
(27-9.933)727 = 0.6321 or 63.21%. 



Chapter 7, Solution 21. 


The circuit can be replaced by its Thevenin equivalent shown below. 




R = 13.333 O 




Chapter 7, Solution 22. 


i(t) = i(0)e" t/x , t = — 

eq 

2 

R =511 20 + 1 = 50, t = - 

eq 5 

i(t) = 10e _2 ' 5t A 


Using current di vision, the current through the 20 ohm resistor is 

i = ———(-i) = — = -2e' 25t 
0 5 + 20 5 


v(t) = 20i o = -40e" 2 - 5 * V 



Chapter 7, Solution 23. 


Since the 2 Q resistor, 1/3 H inductor, and the (3+1) O resistor are in parallel, 
they always have the same voltage. 


+ /(O) = -7.5 


10 10 n c 

-i = —+-= 7.5 - 

2 3 + 1 

The Thevenin resistance R f . at the inductor’s terminais is 


R th =211(3 + 1) = -, 


L 


T = 


R f 


1/3 1 

4/3“ 4 


i(t) = i( 0)e 


-*/*■ _ 

di 


-7.5e 


-4t 


í >0 


v L =v 0 =L- = -7.5(-4)(l/3)e 
dt 


-4t 


v 0 = 10e' 4t F, / > 0 
v x =^ T v L =2.5e- 4t V, í>0 



Chapter 7, Solution 24. 


(a) v(t) = -5u(t) 

(b) i(t) = -10 [ u(t) - u(t - 3)] +10[ u(t - 3) - u(t - 5)] 

= - 10u(t) + 20u(t - 3) - 10u(t - 5) 

(c) x(t) = (t -1) [ u(t -1) - u(t - 2)J + [ u(t - 2) - u(t - 3)J 

+ (4 -1) [ u(t - 3) - u(t - 4)J 

= (t — 1) u(t — 1) — (t — 2) u(t - 2) - (t - 3) u(t - 3) + (t - 4) u(t - 4) 

= r(t -1) - r(t - 2) - r(t - 3) + r(t - 4) 

(d) y(t) = 2 u(-t) — 5 [ u(t) — u(t — 1)J 

= 2u(-t)-5u(t) + 5u(t-l) 



Chapter 7, Solution 25. 


Design a problem to help other students to better understand singularity functions. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Sketch each of the foliowing waveforms. 

(a) i(t) = [u(t-2)+u(t+2)] A 

(b) v(t) = [r(t) - r(t-3) + 4u(t-5) - 8u(t-8)] V 

Solution 

The waveforms are sketched below. 






Chapter 7, Solution 26. 


(a) v, (t) = u(t +1) - u(t) + [ u(t -1) - u(t)J 
Vj(t) = u(t +1) - 2u(t) + u(t -1) 

(b) v 2 (t) = (4 -1) [ u(t - 2) - u(t - 4)J 
v 2 (t) = -(t - 4)u(t - 2) + (t - 4)u(t - 4) 
v 2 (t) = 2u(t-2)-r(t-2) + r(t-4) 

(c) v 3 (t) = 2[u(t-2)-u(t-4)J + 4[u(t-4)-u(t-6)J 
v 3 (t) = 2u(t-2) + 2u(t-4)-4u(t-6) 

(d) v 4 (t) = -t[ u(t -1) - u(t - 2)J = -tu(t -1) + tu(t - 2) 
v 4 (t) = (-t +1-l)u(t -1) + (t - 2 + 2)u(t - 2) 

v 4 (t) = - r(t -1) - u(t -1) + r(t - 2) + 2u(t - 2) 



Chapter 7, Solution 27. 


v(t)= [5u(t+l)+10u(t)-25u(t-l)+15u(t-2)] V 



Chapter 7, Solution 28. 


i(t) is sketched below. 







Chapter 7, Solution 30. 


(a) í°° 4t 2 ô(t-l)dt = 4t 2 L =1 =4 

J —00 1 

(b) J 4t 2 cos(27Tt)ô(t-0.5) dt = 4t 2 cos(27Tt)| t=0 .5 = cosK = -1 



Chapter 7, Solution 31. 


(a) |*[e" 4t2 ô(t — 2)] dt = e' 4 * 2 1 1=2 = e' 16 = 112 xlO' 9 

(b) J [ 5 ô(t) + e _t ô(t) + cos 2nt ô(t)] dt = (5 + e _t + cos(27tt)) 1 1=0 = 5 + 1 + 1 = 7 



Chapter 7, Solution 32. 


' ' t 

(a) ju(Â)dÃ = jldÁ = Ã = t -1 

i i 1 

4 14 2 

(b) J r(t -1 )dt = J0 dt +J (t -1 )dt = — - t\ A x = 4,5 
0 0 1 ^ 

5 

(c) \{t-6fõ{t-2)dt = (í-6) 2 |, =2 =16 
1 



Chapter 7, Solution 33. 


i(t) = ~ v(t) dt + i(0) 

10 3 r> 

i(t) = - T \ \5õ(t-2) dt + 0 

10xlO' 3jo 


i(t) = 1.5 u(t-2) A 



Chapter 7, Solution 34. 


— \u(t - 1) u(t + 1)1 - õ(t -1 )u(t + 1) + 

(a) dt 

u(t -1 )ô(t +1) = ô(t - 1)1 + 0 ô{t +1) = S(t- 1) 

— [r(í - 6) u(t - 2)] = m(í - 6)u(t - 2) + 

(b) í/í 

r(t - 6)ô{t - 2) = w(í - 6)1 + 0 ô(t - 2) = - 6) 

— [sin 4í m(í - 3)] = 4 cos 4 1 u(t - 3) + sin 4tô(t - 3) 
dt 

(c) = 4cos4f u(t - 3) + sin4x3<?(f - 3) 

= 4cos4f u(t - 3) - 0.5366£(f - 3) 



Chapter 7, Solution 35. 


(a) 

v = Ae 2t , v(0)=A = -l 

v(t) = -e“ 2t u(t) V 

(b) 

i = Ae 3t/2 , i(0) = A = 2 

i(t) = 2e _lst u(t) A 



Chapter 7, Solution 36. 


(a) v(t) = A + Be'\ t>0 

A = 1, v(0) = 0 = 1 + B 

v(t) = l-e ‘ V, t > 0 


(b) v(t) = A + Be t/2 , t > 0 

A = -3, v(0) = -6 = -3 + B 

v(t) = -3(l+ e t/2 )v, t > 0 


or B = -1 


or B = -3 



Chapter 7, Solution 37. 


Let v = v h + v p , v p =10. 

• i 

V h +~v h =0 -> v h = Ae~ th 

v = 10 + Ae~ 0 ' 25 ' 

v(0) = 2 = 10 + A -> A = -8 

v = 10-8<r a25í 

(a) t = 4s_ 

(b) v(oo) = 10 V 

(c) v = (io-8g- 0 - 25, )«(oy 



Chapter 7, Solution 38. 


Let i = i p +i h 


z‘/, + 3z\ =0 


i h = Ae } 'u(t) 


Let i p =ku(t), i = 0, 3ku(t) = 2u(t) 


ip =~ u (t) 


i = (Ae 3 ' + —)u(t) 


If i(0) =0, then A + 2/3 = 0, i.e. A=-2/3. Thus, 


i = -(l-e~ 3t )u(t) 



Chapter 7, Solution 39. 


(a) Before t = 0, 

v (t) = j-(20) = 4 V 

After t = 0, 

v(t) = v(oo) + [ v(0) - v(oo)] e'^ T 
t = RC = (4)(2) = 8, v(0) = 4, v(oo) = 20 

v(t) = 20 + (4-20)e' t/8 

v(t) = 20-16e' t/8 V 

(b) Before t = 0, v = Vj + v 2 , where v, is due to the 12-V source and v 2 is 
due to the 2-A source. 

V! =12 V 

To get v 2 , transform the current source as shown in Fig. (a). 
v 2 =-8V 

Thus, 

v = 12-8 = 4 V 

After t = 0, the circuit becomes that shown in Fig. (b). 


2 F 4 Q 2 F 




v(t) = v(oo) + [ v(0) - v(oo)] e' t/T 

v(oo) = 12, v(0) = 4, x = RC = (2)(3) = 6 

v(t) = 12 + (4-12)e- t/6 

v(t) = 12-8e' t/6 V 





Chapter 7, Solution 40. 


(a) Before t = 0, v = 12 V . 

After t = 0, v(t) = v(oo) + [ v(0) - v(qo)] e" t/x 

v(oo) = 4, v(0) = 12, t = RC = (2)(3) = 6 

v(t) = 4 + (12-4)e^ 6 
v(t)= 4 + 8e' t/6 V 

(b) Before t = 0, v = 12 V . 

After t = 0, v(t) = v(oo) + [ v(0) - v(qo)] e _t ^ 

After transforming the current source, the circuit is shown below. 


t = 0 



v(0) = 12, v(oo) = 12, t = RC = (2)(5) = 10 
v= 12 v 




Chapter 7, Solution 41. 


Using Fig. 7.108, design a problem to help other students to better understand the step response 
of an RC circuit. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the circuit in Fig. 7.108, find v(t) for I > 0. 


/ = 0 




+ 


12 V 


O 


1 F 


/• 


Figure 7.108 


Solution 



R eq C = (6 II 30)(1) = 


(6)(30) 

36 


v(t) = v(oo) + [ v(0) - v(oo)] e _t/ ' 


v(t) = 10 + (0-10)e t/5 


v(t) = 10(l-e‘°' 2t ) u(t)V 














Chapter 7, Solution 42. 


(a) v 0 (t) = v 0 (qo) + [ v o (0) - v 0 (oo)] e‘ t/T 

v 0 (0) = 0, v 0 (oo) = (12) = 8 

x = R eq C eq , R eq =2II4 = | 

4 

- 3 ( 3 ) = 4 

v 0 (t) = 8-8e- t/4 

v 0 (t) = 8(l-e'°‘ 25t ) V 

(b) For this case, v o (oo) = 0 so that 
v o (t) = v o (0)e^ 

v o (0) = ^ (12) = 8, x = RC = (4)(3) = 12 

v G (t) = 8e' t/12 V 



Chapter 7, Solution 43. 


Before t = 0, the circuit has reached steady State so that the capacitor acts like an open 
Circuit. The circuit is equivalent to that shown in Fig. (a) after transforming the voltage 
source. 



a5i = 2 -^' 

1 V V 

Hence, — —- = 2 - — z~ 

2 80 40 


1 80 

320 

-> v„ =-= 64 


i = = 0.8 A 

80 - 


After t = 0, the circuit is as shown in Fig. (b). 



i 

80 Q 


v c(t) = v c (0)e' t/T , r = R th C 


To find R th , we replace the capacitor with a 1-V voltage source as shown in Fig. (c). 


0.5i 


vc 



80 Q 




. _ ,_05 

1_ 80 “ 80’ lo _0 - 51 - 80 
1 80 

Rth= r = Õ5 =16 ° Q ’ T = = 480 

v c (0) = 64 V 
v c (t) = 64e- t/480 

dv r f 1 ) .... 

0.5i = -i r = -C—— = -3 - 64e- t/480 

c dt Uso; 

i(t) = 800<?'' /48 ,i íí(7) mA 



Chapter 7, Solution 44. 


R =611 3 = 2 Q, t = RC = 4 

eq 

v(t) = v(oo) + [ v(0) - v(oo)] e' 1 ^ 

Using voltage division, 

v(0) = ^-(60) = 20V , v(oo) = —— (24) = 8 V 
3+6 3+6 

Thus, 

v(f) = 8 + (20-8) e' IA =8 + 12 e ,jA 

i(t) = C— = ( 2)(12)í—V ,/4 = -6e-°- 25t A 

clt V 4 y 



Chapter 7, Solution 45. 


To find Rih, consider the Circuit shown below. 





To find v 0 (oo), consider the circuit below. 





v 0 (oo) = [40/(40+20)]30 = 20 V 

v 0 (t) = v 0 (oo) + [v o (0)- v 0 (oo)]e- 1/0 07 = [20 -15e _14 ‘ 286t ]u(t) V. 



Chapter 7, Solution 46. 


t = R n C = (2 + 6).x;0.25 = 2 s, v(0) = 0, v(oo) = 6 i s = 6.x5 = 30 

v(í) = v(oo) + [v(0) - v(oo)]e"' /r = 30(1 - e-‘ n )u(t) V 



Chapter 7, Solution 47. 


For t < 0, u(t) = 0, u(t-l) = 0, v(0) = 0 

For 0 < t < 1, t = RC = (2 + 8)(0.1) = 1 
v(0) = 0, v(oo) = (8)(3) = 24 
v(t) = v(oo) + [ v(0) - v(oo)] e' t/x 

v(t) = 24(l —e-‘) 

For t > 1, v(l) = 24(l-e 1 ) = 15.17 

- 6 + v(oo) - 24 = 0 -> v(oo) = 30 

v(t) = 30 + (15.17 -30)e‘ (t ‘ 1) 
v(t) = 30-14.83e‘ (t4) 


Thus, 


j 24(l-e ')v, 0 < t < 1 

{30-14.83e (t 1; V, t>l 



Chapter 7, Solution 48. 


For t < 0, u(-t) = 1, 

For t > 0, u(-t) = 0, v(oo) = 0 

R th =20 + 10 = 30, T = R th C = (30)(0.1) = 3 
v(t) = v(oo) + [ v(0) - v(oo)] e' t/l 


v(t) = 10e t/3 V 


dv 

i(t) = c—= (0.1) 

dt 


-1 

v3; 


10e‘ t/3 




Chapter 7, Solution 49. 


For 0 < t < 1, v(0) = 0, v(oo) = (2)(4) = 8 

R eq = 4 + 6 = 10, t = R eq C = (10X0.5) = 5 
v(t) = v(oo) + [ v(0) - v(oo)] e' t/x 
v(t) = 8( l-e t/5 ) V 

For t > 1, v(l) = 8 (1 - e ° 2 ) = 1.45, v(oo) = 0 
v(t) = v(oo) + [ v(l) - v(oo)] e' (t_1)/,T 
v(t) = 1.45e- (t - 1,/5 V 


Thus, 


v(t) = 


8(l-e t/s )v, 0 < t < 1 
1.45e (t 1) 5 V, t > 1 



Chapter 7, Solution 50. 


For the capacitor voltage, 

v(t) = v(oo) + [ v(0) - v(oo)] e‘ t/T 
v(0) = 0 

For t > 0, we transform the current source to a voltage source as shown in Fig. (a). 


1 kQ 1 kQ 



R th = (1 + 1) II 2 = 1 kQ 

, 1 , 1 
t = R C = 10 3 x-xl0- 3 = - 
* 4 4 

v(t) = 15( 1-e 4t ), t > 0 


We now obtain i x fromv(t). ConsiderFig. (b). 



But i T = — + C — 

T R 3 dt 

i T (t) = 7.5(1 - e‘ 4t ) mA + ^ x 10' 3 (- 15)(-4)e' 4t A 
i T (t) = 7.5(l + e~ 4t ) mA 


Thus, 

i x (t) = 30-7.5-7.5e' 4t mA 

i x (t) = 7.5(3-e 4, )mA, t > 0 




Chapter 7, Solution 51. 


Consider the circuit below. 

R t = 0 



After the switch is closed, applying KVL gives 


or 


di 

V s =Ri + L — 
s dt 

di 

L— = -R í- 
dt v 


R ) 


di 


i-Vs/R 


-R 

=-dt 

L 


Integrating both sides, 


or 


ln 


ln 


i - 


Vs 

R 


i(t) 

In " 


t 


' i-Vs/R -1 

Ia - Vo /R 


-R 

L 

-t 

T 


j-Vs/R 

Io-Vs/R 


V s 

i(t) = T + 


r 


\ 


v* rJ 

which is the same as Eq. (7.60). 




Chapter 7, Solution 52. 


Using Fig. 7.118, design a problem to help other students to better understand the step response 
of an RL circuit. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the circuit in Fig. 7.118, find i(t) for t > 0. 


10 Q 


VWV 


I 


/ = 0 



20 V (?) 


5 II 


40 Q 


Figure 7.118 


Solution 


i(0) = — = 2A, i(oo) = 2 A 
i(t) = i(oo) + [ i(0) - i(oo)] e' t/T 


i(t) = 2 A 









Chapter 7, Solution 53 


(a) Before t = 0, i = ^ + ^ = 5 A 

After t = 0, i(t) = i(0) e" t/T 
L 4 

X= R = 2 = 2 ’ m = 5 

i(t) = 5e- t/2 u(t)A 

(b) Before t = 0, the inductor acts as a short circuit so that the 2 Q and 4 Q 
resistors are short-circuited. 

i(t) = 6 A 

After t = 0, we have an RL circuit. 

i(t)=i(0)e-*, t = ^ = | 

i(t)= 6e 2,/3 u(t)A 



Chapter 7, Solution 54. 


(a) 


(b) 


Before t = 0, i is obtained by current division or 

i ( t ) = ííí (2) = 1A 

After t = 0, 

i(t) = i(oo) + [ i(0) - i(oo)] e' t/,T 


T = 


T = 


L 

3.5 


2 


i(0) = 1, 



R eq = 4 + (4II12) = 7 Q 


/(go) 


(4II12) ( 2 ) = —( 2 ) = - 

4 + (4 II12) 4 + 3 7 


-1 
7 7 


e 


-2t 


i(t) = y(6 —e‘ 2t ) A 
10 

Before t = 0, i(t) = y—^ = 2 A 

After t = 0, R eq = 3 +(6 II 2) = 4.5 

L 2 4 

X= R^ = Ã5 = 9 
i(0) = 2 

To find i(co), consider the circuit below, at t = when the inductor becomes a 
short circuit, 


v 



10- v 24- v v 
2 + 6 = 3 

i(t) = 3 + (2-3)e- 9t/4 


v 

v = 9 i(co) = — = 3 A and 


i(t) = 3-e‘ 9t/4 A 





Chapter 7, Solution 55. 


For t < 0, consider the circuit shown in Fig. (a). 


0.5 H 0.5 H 

O 



(a) (b) 


3i 0 +24-4i 0 = 0 -> i 0 = 24 

v(t) = 4i 0 = 96 V i = ^ = 48 A 

For t > 0, consider the circuit in Fig. (b). 


II 

t—‘ • 

+ 

[ i(0) - i(oo)] e' t/T 

00 

II 

o 

o 

ll 

1T 

R th - 2 Q, 

L _ 0.5 _ 1 

X 'R th “ 2 ~4 


i(t) = (48)e" 4t 

v(t) = 2i(t) = 96<T 4t u(t)V 





Chapter 7, Solution 56. 


R = 6 + 20 II 5 = 10 Q, x = —= 0.05 

eq R 

i(t) = i(oo) + [ i(0) - i(oo)] e' t/T 

i(0) is found by applying nodal analysis to the following circuit. 


5 Q 



í(0) = y = 2A 
o 

Since 20115 = 4, 

4 


i(t) = 1.6 + (2 -1.6) e" t/0 ' 05 =1.6 + 0.4e‘ 20t 

v(t) = L^ = W0.4)(-20)e- 20t 
dt 2 

v(t) = -4e' 20t V 




Chapter 7, Solution 57. 


At t = 0 , the circuit has reached steady State so that the inductors act like short circuits. 

6 n i 



Í2 

20 Q 


30 


i = ■ 


= —= 3, 


6 + (5II20) 10 1 25 

ij(0) = 2.4 A , i 2 (0) = 0.6 A 


20 

ii= —(3) = 2.4, 


i 2 = 0.6 


For t > 0, the switch is closed so that the energies in L, and L, flow through the closed 
switch and become dissipated in the 5 Q and 20 Q resistors. 

-t/x, 

x ‘ “ R, “ 5 “2 


ii(t) = ij(0)e' 


ij(t) = 2.4e 2t u(t) A 


i 2 (t)=i 2 (0)e 


-t/x 2 


^=-=- 
R 2 20 5 


i 2 (t) = 600e 3t u(t) mA 




Chapter 7, Solution 58. 


FortcO, v o (t) = 0 


For t > 0, i(0) = 10, 

R th = 1 + 3 = 4 Q, 


i(°°) = 


20 


= 5 


T = ' 


R 


1 + 3 
L__ 1/4 

— “T" 


i(t) = i(oo) + [ i(0) - i(oo)] e' t/x 
i(t) = 5(l + e I6t ) A 


16 


v 0 (t) = 31 + = 15( 1 + e 16t ) + ^ (-16)(5)e 

v 0 (t) = 15-5e' 16t V 


16 t 
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Let i(t) be the current through the inductor. 

Fort<0, v s =0, i(0) = 0 

L 1.5 

For t > 0, R eq = 4 + (6 || 3) = 6 Q and t = —— = — = 0.25 sec. 

eq 

At t = oo, the inductor becomes a short and the current delivered by the 18 volts 
source is I s = 18/[6+(3||4)] = 18/7.714 = 2.333 amps. The voltage across the 4- 
ohm resistor is equal to 18-6(2.333) = 18-14 = 4 volts. Therefore the current 
through the inductor is equal to i(oo) = 4/4 = 1 amp. 

i(t) = i(oo) + [ i(0) - i(oo)] e' t/T 
i(t) = 1(1 — e 4t ) amps. 

v 0 (t) = L^ = (1.5)(l)(-4)(-e- 4t ) 
dt 

v 0 (t) = [6e -4t ]u(t) volts. 
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Let I be the inductor current. 

For t < 0, u(t) = 0 -> i(0) = 0 

L 8 

For t > 0, R =511 20 = 40, t =-= - = 2 

q R eq 4 

i(co) = 4 

i(t) = i(oo) + [ i(0) - i(oo)] e' t/T 
i(t) = 4( 1-e- t/2 ) 

di f - A /2 

v(t) = L— = (8)(-4) —- 
dt V 2 J 

v(t) = 16e 05t V 
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The current source is transformed as shown below. 


4 Q 



i(t) = i(oo) + [ i(0) - i(oo)] e‘ t/x 


i(t) = (10 - 5e" 8t )u(t) A 


di f 1 N , 

v(t) = L— = - (-5)(-8)e‘ 8 
dt \2J 

v(t) = 20e” st u(t) V 
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L 2 

T= r2 = 3H6 = 1 

For 0 < t < 1, u(t -1) = 0 so that 

i(0) = 0, i(°o) = \ 

o 

i(t) = ^(l-e-‘) 

For t > 1, i(l) = 1-e ') = 0.1054 

6 

1 1 1 
v ' 3 6 2 

i(t) = 0.5 + (0.1054 -0.5)e- (t4) 
i(t) = 0.5 - 0.3946e‘ (t ' 1) 


Thus, 


i(t) = i 


i(l-e')A 


0.5-0.3946 e 


■(t-i) 


0 < t < 1 
t>l 
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For t < 0, u(-t) = 1, i(0) = — = 2 

For t > 0, u(-t) = 0, i(oo) = 0 

L 0.5 1 

R * = 5 "20=4n, , = ^ = T = j 

i(t) = i(oo) + [ i(0) - i(oo)] e" t/T 

i(t)=2e" 8 ‘u(t) A 

di f 1^1 _ 

v(t) = L— = -(-8)(2)e 8t 
dt \2J 

v(t)=-8e“ 8 *u(t) V 

2e“ 8 *u(t) A, -8e" s, u(t) V 
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Determine the value of Íl( 0 and the total energy dissipated by the Circuit from t = 
0 sec to t = oo sec. The value of Vi n (t) is equal to [40-40u(t)] volts. 



Solution 

Step 1. Determine the Thevenin equivalent circuit to the left of the inductor. This 

means we need to fmd v oc (t) and i sc (t) which gives us Vihev(t) = v oc (t) and R eq = 
v 0 c(t)/isc(t) (note, this only works for resistor networks in the time domain). This leads to 
the second circuit shown above. 

Now, with this circuit, we can use the generalized solution to a first order differential 
equation, i L (t) = Ae _(t ~ 0)/T +B where, to = 0, x = L/R, A+B = i L (0) and 0+B = i L (oo). 
Finally, we can use w = (l/2)Li L (t) to calculate the energy dissipated by the circuit (w = 
[( 1/2)Lí l (oo) 2 —(1/2)Lí l (0) 2 ]. 

Step 2. We now determine the Thevenin equivalent circuit. First we need to pick 

a reference node and mark the unknown voltages, as seen above. With the inductor out 
of the circuit, the node equation is simply [(v i —Vi n (t))/40] + [(vi—0)/40] + 0 (since the 
inductor is out of the circuit, there is an open circuit where it was) = 0. This leads to 
[(l/40)+(l/40)]vi = (l/40)v in (t) or 2 Vl = v m (t) or Vl = 0.5v in (t) = [20-20u(t)] v oc (t) = 
VThev(t). Now to short the open circuit which produces vi = 0 and i sc = —[(0—Vi n (t))/40] = 
Vin(t)/40 = 0.025v in (t) A. 


Step 3. Now, everything comes together, R eq = v 0C (t)/i S c(t) = 0.5vi n (t)/[0.025vi n (t)] 

= 0.5/0.025 = 20 Q. Next we fmd t = L/R eq = 10/20 = (1/2) sec. At t = 0“, Vm(0“) = [10- 
0] V (note u(t) = 0 until t = 0). Since it has been at this value for a very long time, the 
inductor can be considered a short and the value of the current is equal to 20/20 or i L (0~) 
= 1 amp. Since you cannot change the current instantaneously, Íl( 0) = 1 amp = A+B. 
Since Vxhev(t) = 20-20 = 0 for all t > 0, all the energy in the inductor will be dissipated by 
the circuit and Íl(°°) = 0 = B which means that A = 1 and iiít) = [e ] u(t) amps. The 
total energy dissipated from t = 0 to oo sec is equal to [(l/2)Li L (0)“—(l/2)Li L (°o)“] = 

(0.5) 1 0( l) 2 — 0 = 5 J. 





Chapter 7, Solution 65. 

Since v s = 10[ u(t) - u(t - 1)J, this is the same as saying that a 10 V source is turned on at 
t = 0 and a -10 V source is turned on later at t = 1. This is shown in the figure below. 


V s | 

10 T 


1 


-10 


For 0 < t < 1, i(0) = 0, 
R th =51120 = 4, 




= 2 
2 

! 4 = 


i(t) = i(oo) + [ i(0) - i(oo)] e' t/T 
i(t) = 2(l-e 2t ) A 
i(l) = 2(l-e 2 ) = 1.729 


1 

2 


Fort>l, i(co) = 0 since v s = 0 
i(t) = i(l) e (t 1)/t 
i(t) = 1.729e' 2(t_1) A 




t 


í 2(l-e' 2t ) A 0 < t < 1 
11.729e" 2(t_1) A t > 1 


Thus, 
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Using Fig. 7.131, design a problem to help other students to better understand first-order 
op amp circuits. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

For the op-amp circuit of Fig. 7.131, find v 0 . Assume that v s changes abruptly from 
0 to 1 V at t=0. Find v 0 . 

50 kQ 



Figure 7.131 For Prob. 7.66. 

Solution 

For t<0-, v s =0 so that v o (0)=0 
:Let v be the capacitor voltage 

For t>0, v s =1. At steady State, the capacitor acts like an open circuit so that we 
have an inverting amplifier 

v 0 (oo) = -(50k/20k)(lV) = -2.5 V 

x = RC = 50x10 3 x0.5x10" 6 = 25 ms 

v 0 (t) = v 0 (oo) + (v o (0) - v o (oo))e _t/0 ' 025 = 2.5(e— - 1) V . 



Chapter 7, Solution 67. 

The op amp is a voltage foliower so that v D = v as shown below. 


R 



At node 1, 


v o“ v i v ,-° v ,-v 0 


R 


R 


R 


* v i = 3 v ° 


At the noninverting terminal, 
dt R 

-RC^ = v 0 -v 1 =v 0 --v„ =-y r 


dt 

dv„ v„ 


dt 3RC 


v 0 (t) = V T e- t/3RC 

V T = v o (0) = 5 V , t = 3RC = (3)(10 x 10 3 )(1 x IO' 6 ) 


3 

100 


v 0 (t) = 5e _100t/3 u(t) V 
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This is a very interesting problem which has both an ideal solution as well as a realistic solution. 
Let us look at the ideal solution first. Just before the switch closes, the value of the voltage 
across the capacitor is zero which means that the voltage at both terminais input of the op amp 
are each zero. As soon as the switch closes, the output tries to go to a voltage such that both 
inputs to the op amp go to 4 volts. The ideal op amp puts out whatever current is necessary to 
reach this condition. An infinite (impulse) current is necessary if the voltage across the capacitor 
is to go to 8 volts in zero time (8 volts across the capacitor will result in 4 volts appearing at the 
negative terminal of the op amp). So v Q will be equal to 8 volts for all t > 0. 

What happens in a real circuit? Essentially, the output of the amplifier portion of the op amp 
goes to whatever its maximum value can be. Then this maximum voltage appears across the 
output resistance of the op amp and the capacitor that is in series with it. This results in an 
exponential rise in the capacitor voltage to the steady-State value of 8 volts. 

vC(t) = V op amp max( 1 - e ' t/(RoutC) ) volts, for all values of vC less than 8 V, 

= 8 V when t is large enough so that the 8 V is reached. 



Chapter 7, Solution 69. 


Let v x be the capacitor voltage. 

FortcO, v x (0) = 0 

For t > 0, the 20 kQ and 100 kQ resistors are in series and together, they are in 
parallel with the capacitor since no current enters the op amp terminais. 

As t — > oo , the capacitor acts like an open circuit so that 

v 0 (oo) = — (20 + 100) = -48 
0 10 

R th = 20 + 100 = 120 kQ, x = R th C = (120x 10 3 )(25 x 10' 3 ) = 3000 

v o (t) = v G (oo) + [ v 0 (0) - v 0 (oo)] e _t / T 

v G (t) = -48 (l - e‘ t/300 ° )v = 48(e" t/3000 -l)u(t)V 



Chapter 7, Solution 70. 

Let v = capacitor voltage. 

For t < 0, the switch is open and v(0) = 0 . 

For t > 0, the switch is closed and the circuit becomes as shown below. 



V 1 = V 2 = V s 
0-v dv 

-- = c— 

R dt 

where v = v s -v o -> v o =v s -v 

From (1), 
dv 
dt 

v = 


= —= 0 

RC 

= ^Jv s dt + v(0) = 


■tv, 

RC 


( 1 ) 

( 2 ) 

(3) 


Since v is constant, 

RC = (20 x 10 3 )(5 x 10 6 ) = 0.1 
- 20t 


v = ■ 


0.1 


mV =-2001 mV 


From (3), 

v o = v s -v = 20 + 200t 

v 0 = 20(1+ 10t) mV 




Chapter 7, Solution 71. 

We temporarily remove the capacitor and find the Thevenin equivalent at its 
terminais. To find Rxh, we consider the circuit below. 



Since we are assuming an ideal op amp, R 0 = 0 and R Th =20kQ . The op amp circuit 
is a noninverting amplifier. Hence, 

V„,=(1+j5)v s = 2v s = 6V 

The Thevenin equivalent is shown below. 

20 kQ 



Thus, 

v(t) = 6(l-e t/r) ,t> 0 

where z = R^C = 20x10 3 xLOxLO 6 = 0.2 

v(t) = 6(1-e 5t ),t> 0V 
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The op amp acts as an emitter follower so that the Thevenin equivalent circuit is 
shown below. 


C 


3u(t) 



Hence, 

v(t) = v(oo) + [ v(0) - v(oo)] e' t/T 

v(0) = -2 V , v(oo) = 3 V, x = RC = (10 x 10 3 )(10 x IO -6 ) = 0.1 
v(t) = 3 + (-2-3)e" 10t = 3-5e' 10t 

i #= c| = a oxlO< X -5X-10)e- 
i 0 = 0.5e 10t mA, t > 0 
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Consider the circuit below. 


R f 



At node 2, 


Vi-v 2 


R, 


dv 


At node 3, 


c dv = v 3 -v 0 


dt R f 


But v 3 = 0 and v = v 2 - v 3 = v 2 . Hence, (1) becomes 
v, - v dv 

—— = c — 

R, dt 

dv 

v,-v = R , C - 
dv v v, 


or 

dt R,C RjC 
which is similar to Eq. (7.42). Hence, 

J v T t < 0 

V( ' t '* = \w l +(v T -VjJe" 1 ^ t>0 
where v T = v(0) = 1 and v 3 = 4 

t = RjC = (10x 10 3 )(20x 10' 6 ) = 0.2 

í 1 t<0 


v(t) = 


4-3e- 


t > 0 


From (2), 

v 0 = -R f C^ = (20x 10 3 )(20x 10- 6 )(15e' 5t ) 
v c = -6e‘ 5t , t > 0 


( 1 ) 


( 2 ) 




v 0 = -6e st u(t) V 
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Let v = capacitor voltage. For t < 0, v(0) = 0 

2 pF 

Hf- 

50 kO 


For t > 0, i s = 10 pA . 

Since the current through the feedback resistor is i s , then 

v 0 = -i s xl0 4 volts = -1(T 5 x10 4 = -100 mV. 
It is interesting to look at the capacitor voltage. 



10 kO 



v(t) = v(oo) + [ v(0) - v(oo)] e" t/T 
It is evident that 

t = RC = (2 x 10 6 )(50 x 10 3 ) = 0.1 

At steady State, the capacitor acts like an open circuit so that i s 
Hence, 

v(oo) = i s R = (10 x 10- 6 )(50 x 10 3 ) = 0.5 V 
Then the voltage across the capacitor is, 


passes through R. 


v(t) = 500(l-e“ lot ) mV. 
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Let Vj = voltage at the noninverting terminal. 

Let v 2 = voltage at the inverting terminal. 


Fort>0, Vj=v 2 =v s =4 
0-v 

—^ = i 0 , R 1 = 20kQ 


Also, i D = —— + C—R 2 =10kQ, C = 2 jliF 
Ja. ^ dt 

- v, V dv 

i.e. —- = — + C — 

R, R 2 dt 

This is a step response. 

v(t) = v(oo) + [ v(0) - v(oo)] e" t/T , v(0) = 1 

, , 1 

where x = R 2 C = (10x10 )(2xl0* 6 ) = — 


( 1 ) 


( 2 ) 


At steady State, the capacitor acts like an open circuit so that i 0 passes through 
R 2 . Hence, as t — > oo 

-V s . v(oo) 

r7 =1 ° = ^7 


i.e. 


v(oo) = 


^2 

R, 


-10 

~2Õ 


(4) = -2 


v(t) = -2 + (l + 2)e- 50 ' 
v(t) = -2 + 3e' 50t 


But v = v s -v o 
or v 0 = v s - v = 4+2-3e _50t 
v 0 = 6-3e- 501 u(t)V 


or 



-4 

2Õk 


= -0.2 mA 


v dv 

— + C— = -0.2 mA 
R 2 dt 
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The schematic is shown below. For the pulse, we use IPWL and enter the corresponding 
values as attributes as shown. By selecting Analysis/Setup/Transient , we let Print Step = 
25 ms and Final Step = 2 s since the width of the input pulse is 1 s. After saving and 
simulating the circuit, we select Trace/Add and display -V(C1:2). The plot of V(t) is 
shown below. 


T1=0 11=0 RI 



0 



Os 0.4s Q.8s 1.2s l.ós 2.Os 

o - U(C1:2) 

Tine 
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The schematic is shown below. We click Marker and insert Mark Voltage Differential at 
the terminais of the capacitor to display V after simulation. The plot of V is shown 
below. Note from the plot that V(0) = 12 V and V(oo) = -24 V which are correct. 


IDC 


12.01 V 




tOpen=0 

l>f_2 



24.00V 



30.00V 


1 
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(a) When the switch is in position (a), the schematic is shown below. We insert IPROBE to 
display i. After simulation, we obtain, 

i(0) = 7.714 A 


from the display of IPROBE. 



(b) When the switch is in position (b), the schematic is as shown below. For inductor II, we 
let IC = 7.714. By clicking Analysis/Setup/Transient , we let Print Step = 25 ms and Final Step = 
2 s. After Simulation, we click Trace/Add in the probe menu and display I(L1) as shown below. 
Note that i(oo) = 12A, which is correct. 
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When the switch is in position 1, i o (0) = 12/3 = 4A. When the switch is in position 2, 

i 0 (oo) =-— = -0.5 A, R Th = (3 + 5) // 4 = 8 / 3, t = - L ^ = 3/80 

5 + 3 R ^ 

i 0 (0 = io (°°) + [io (0) - i 0 ( GO )]e _t ‘ 1 = -0.5 + 4.5e~ 8Qt/3 u(t)A 
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(a) When the switch is in position A, the 5 -ohm and 6-ohm resistors are short-circuited so 
that 

*‘i(0)= / 2 (0)=v o (0) = 0 

but the current through the 4-H inductor is i L (0) =30/10 = 3A. 

(b) When the switch is in position B, 

Rxh = 3//6 = 2Q, x= L =4/2 = 2sec 

R Th 

i L (t) = i L (oo) + [i L (0) - i L (oo)]e ~‘ lT =0 + 3g~ f/2 = 3e~ ,n A 

(c) t (oo) = — =2 A. i 2 (oo) = i (oo) = 0 A 

1 10 + 5 - 9 - 

v 0 (t) = L d ^ —> v 0 (°°) = ov 

at - 
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The schematic is shown below. We use VPWL for the pulse and specify the attributes as shown. 
In the Analysis/Setup/Transient menu, we select Print Step = 25 ms and final Step = 3 S. By 
inserting a current marker at one terminal of LI, we automatically obtain the plot of i after 
simulation as shown below. 


RI 




Time 
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t = RC 


t 3xlQ- 3 
C “ lOOxlO 6 


= 30Q 



Chapter 7, Solution 83. 


v(oo) = 120, v(0) = 0, t = RC = 34xL0 6 xL5xL 0~ 6 = 510s 

v(t) = v(qo) + [v(0) -v(oo)]e~ ,/r -> 85.6 = 120(1 -^ í/51 °) 

Solving for t gives 

t = 5101n3.488 = 637.165 
speed = 4000m/637.16s = 6.278m/s 
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Let I 0 be the final value of the current. Then 

i(t) = I 0 ( t = R/L = 0.16/8 = 1/50 

0.6/„ = 7,(1- e~ 50t ) -> f = —ln—= 18.33 ms. 

0 ° 50 0.4 - 
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(a) The light is on from 75 volts until 30 volts. During that time we essentially have 
a 120-ohm resistor in parallel with a 6-pF capacitor. 

v(0) = 75, v(oo) = 0, x = 120x6xl0' 6 = 0.72 ms 

v(ti) = 75e -tl =30 which leads to ti =-0.721n(0.4) ms = 659.7 ps of lamp on 
time. 


(b) x = RC = (4 x 10 6 )(6 x IO -6 ) = 24 s 

Since v(t) = v(oo) + [ v(0) - v(qo)] e' t/x 

v(tj)- v(oo) = [ v(0)- v(oo)] e' tl/x 
v(t 2 ) - v(oo) = [ v(0) - v(oo)] 


Dividing (1) by (2), 


v(t,)-v(°°) =e <„.„, / , 

v(t 2 )-v(co) 


t 0 = t 2- t l=^ ln 


v(ti)~ v(co) A 
vv(t 2 ) — v(oo)J 


t 0 = 24 ln 


75-120 

130-120J 


= 241n(2) = 16.636 s 


(D 

( 2 ) 
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v(t) = v(oo) + [ v(0) - v(oo)] e' t/x 
v(oo) = 12, v(0) = 0 

v(t) = 12(l-e t/T ) 
v(t 0 ) = 8 = 12(l-e- to/T ) 


t 0 = xln(3) 

For R = 100 kQ, 

T = RC = (100 x 10 3 )(2 x IO 6 ) = 0.2 s 
t 0 = 0.2 ln(3) = 0.2197 s 

For R = 1 MQ, 

T = RC = (1 x 10 6 )(2 x 10‘ 6 ) = 2 s 
t 0 = 2 ln(3) = 2.197 s 


Thus, 


0.2197 s < t 0 < 2.197 s 
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Let i be the inductor current. 


For t < 0, 


i(0) 


120 

Tõõ 


1.2 A 


For t > 0, we have an RL circuit 
L 50 

X_ R “ 100 + 400 _0 ' 1, 
i(t) = i(oo) + [ i(0) - i(oo)] e‘ t/T 

i(t) = 1.2e' 10t 


i(oo) = 0 


At t = 100 ms = 0.1 s, 

i(0.1) = 1.2e 1 = 441mA 

which is the same as the current through the resistor. 
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(a) 


(b) 


t = RC = (300 x 10 3 )(200 x IO 12 ) = 60 ps 
As a differentiator, 

T > 10 x = 600 ps = 0.6 ms 

i-e. T mm = 0.6 ms 

t = RC = 60 ps 
As an integrator, 

T < O.lx = 6 ps 

i- e - T max = 6 ps 
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Since t < 0.1T = 1 ps 

l <1 ^ S 


L < R x 10" 6 = (200x 10 3 )(lx 10' 6 ) 


L < 200 mH 
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We determine the Thevenin equivalent circuit for the capacitor C s . 



The Thevenin equivalent is an RC circuit. Since 
1 1 R, 


v ‘ h 10 v . 


-> — = ■ 


10 R.+R. 


Also, 


1 6 2 


r = R th C s =15ps 

6(2/3) 

Rth=Rp " Rs = 672^3 = °- 6MQ 


C. = 


R. 


15 x 10~ 6 
0.6 xlO 6 


25 pF 


where 
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io( 0 )= lb 240mA ’ i( “ )=0 

i(t) = i(oo) + [ i(0) - i(oo)] e' t/l 
i(t) = 240e- t/T 


L 2 
T = R = R 
i(t 0 ) = 10 = 240e- t » /x 

e to/T = 24 -> t 0 = T ln (24) 


t = ■ 

R = 


to 

ln (24) 
2 

1.573 


5 

ln (24) 


= 1.573 = 


1.271 Q 


2 

R 
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dv 

i = C— = 4x 10' 9 
dt 


10 


2 x 10' 3 
-10 

5x10 6 


0 < t < t R 

1 R ^ 1 ^ 


[ 20 jlxA 0 < t < 2 ms 
^ |-8mA 2 ms < t < 2 ms + 5 ps 

which is sketched below. 



(not to scale) 




Chapter 8, Solution 1. 


(a) At t = 0-, the circuit has reached steady State so that the equivalent circuit is 
shown in Figure (a). 




i(O-) = 12/6 = 2A, v(O-) = 12V 
At t = 0+, i(0+) = i(O-) = 2A, v(0+) = v(O-) = 12V 

(b) For t > 0, we have the equivalent circuit shown in Figure (b). 

v L = Ldi/dt or di/dt = v l /L 
Applying KVL at t = 0+, we obtain, 

v L (0+) - v(0+) + 10i(0+) = 0 
v L (0+) - 12 + 20 = 0, or v L (0+) = -8 
Hence, di(0+)/dt = -8/2 = -4 A/s 

Similarly, ic = Cdv/dt, or dv/dt = i c /C 

ic(0+) = -i(0+) = -2 
dv(0+)/dt = -2/0.4 = -5 V/s 

(c) As t approaches infinity, the circuit reaches steady State. 


i(oo) = 0 A, v(oo) = 0 V 




Chapter 8, Solution 2. 


Using Fig. 8.63, design a problem to help other students better understand finding initial and 
final values. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

In the circuit of Fig. 8.63, determine: 

(a) i R (0 + ), i L (0 + ), and i c (0 + ), 

(b) dÍR(0 + )/dt, diiiO + )/dl, and diç(0 + )/dl, 

(c) i R ( oo), i L ( oo), and 



25 kf> 20 kQ 



Figure 8.63 


Solution 


(a) At t = 0-, the equivalent circuit is shown in Figure (a). 


25 kQ 20 kQ 


A/Wr+n—WV— t 


Ír + • Íl 



(a) 



















25 kO 20 kO 



601120 = 15 kohms, i R (0-) = 80/(25 + 15) = 2mA. 

By the current division principie, 

i L (0-) = 60(2mA)/(60 + 20) = 1.5 mA 
vc(O-) = 0 

At t — 0+, 

v c (0+) = vc(O-) = 0 
i L (0+) = Íl(O-) = 1.5 mA 
80 = í r ( 0+)(25 + 20) + vc(O-) 
i R (0+) = 80/45k = 1.778 mA 

Ir = ic + Íl 

1.778 = i c (0+)+ 1.5 or i c (0+) = 0.278 mA 
v L (0+) = v c (0+) = 0 

But, v L = Ldi L /dt and di L (0+)/dt = v l (0+)/L = 0 
di L (0+)/dt = 0 
Again, 80 = 45i R + vc 
0 = 45di R /dt + dvc/dt 

But, dvc(0+)/dt = ic(0+)/C = 0.278 mamps/1 pF = 278 V/s 
Hence, di R (0+)/dt = (-l/45)dv c (0+)/dt = -278/45 


But, 

(b) 




di R (0+)/dt = -6.1778 A/s 


Also, i R = i c + i L 
di R (0+)/dt = di c (0+)/dt + di L (0+)/dt 
-6.1788 = di c (0+)/dt + 0, ordi c (0+)/dt = -6.1788 A/s 
(c) As t approaches infinity, we have the equivalent circuit in Figure (b). 

i R (oo) = i L (oo) = 80/45k = 1.778 mA 
i C (°o) = Cdv(oo)/dt = 0. 



Chapter 8, Solution 3. 

At t = 0', u(t) = 0. Consider the Circuit shown in Figure (a). i L (0) = 0, and v R (0') = 

0. But, -vr(0 ) + vc(0') + 10 = 0, or vc(0') = -10V. 

(a) At t = 0 + , since the inductor current and capacitor voltage cannot change abruptly, 
the inductor current must still be equal to 0A, the capacitor has a voltage equal to 
-10V. Since it is in series with the +10V source, together they represent a direct 
short at t = 0 + . This means that the entire 2A from the current source flows 
through the capacitor and not the resistor. Therefore, vr(0 + ) = 0 V. 


(b) At t = 0 + , v L (0+) = 0, therefore Ldi L (0+)/dt = v L (0 + ) = 0, thus, dii7dt = 0A/s, 
ic(0 + ) = 2 A, this means that dvc(0 + )/dt = 2/C = 8 V/s. Now for the value of 
dv R (0 + )/dt. Since v R = v c + 10, then dv R (0 + )/dt = dv c (0 + )/dt + 0 = 8 V/s. 


40 Q 40 Q 



(c) As t approaches infinity, we end up with the equivalent circuit shown in 
Figure (b). 


i L (°o) = 10(2)/(40 + 10) = 400 mA 
v c (oo) = 2[10II40] -10 = 16-10= 6V 


vr(oo) = 2[10II40] = 16 V 





Chapter 8, Solution 4. 

(a) At t = 0\ u(-t) = 1 and u(t) = 0 so that the equivalent circuit is shown in Figure (a). 

i(0") = 40/(3 + 5) = 5A, and v(0‘) = 5i(0") = 25V. 

Hence, i(0 + ) = i(0‘) = 5A 


v(0 + ) = v(0') = 25V 

3 Q 



(b) i c = Cdv/dt or dv(0 + )/dt = i c (0 + )/C 

For t = 0 + , 4u(t) = 4 and 4u(-t) = 0. The equivalent circuit is shown in Figure (b). Since i 
and v cannot change abruptly, 

i R = v/5 = 25/5 = 5A, i(0 + ) + 4 =i c (0 + ) + i R (0 + ) 

5 + 4 = ic(0 + ) + 5 which leads to ic(0 + ) = 4 

dv(0 + )/dt = 4/0.1 = 40 y/s 


Similarly, 


v L = Ldi/dt which leads to di(0 + )/dt = v l (0 + )/L 
3i(0 + ) + v L (0 + ) + v(0 + ) = 0 





15 + v L (0 + ) + 25 = 0 or v L (0 + ) = -40 
di(0 + )/dt = -40/0.25 = -160 A/s 


(c) As t approaches infinity, we have the equivalent circuit in Figure (c). 


3 Cl 



i(oo) = -5(4)/(3 + 5) = -2.5 A 
v(oo) = 5(4-2.5) = 7.5 V 



Chapter 8, Solution 5. 

(a) For t < 0, 4u(t) = 0 so that the circuit is not active (all initial conditions = 0). 

Íl(O-) = 0 and vc(O-) = 0. 

For t = 0+, 4u(t) = 4. Consider the circuit below. 



Since the 4-ohm resistor is in parallel with the capacitor, 

i(0+) = v c (0+)/4 = 0/4 = 0A 

Also, since the 6-ohm resistor is in series with the inductor, 
v(0+) = 6 í l (0+) = 0V. 


(b) di(0+)/dt = d(v R (0+)/R)/dt = (l/R)dv R (0+)/dt = (l/R)dv c (0+)/dt 

= (1/4)4/0.25 A/s = 4 A/s 

v = 6 Íl or dv/dt = 6di L /dt and dv(0+)/dt = 6di L (0+)/dt = 6 v l (0+)/L = 0 

Therefore dv(0+)/dt = 0 V/s 

(c) As t approaches infinity, the circuit is in steady-state. 

i(oo) = 6(4)/10 = 2.4 A 


v(oo) = 6(4-2.4) = 9.6 V 



Chapter 8, Solution 6. 

(a) Let i = the inductor current. For t < 0, u(t) = 0 so that 

i(0) = 0 and v(0) = 0. 

For t > 0, u(t) = 1. Since, v(0+) = v(O-) = 0, and i(0+) = i(O-) = 0. 

v R (0+) = Ri(0+) = 0V 

Also, since v(0+) = v R (0+) + v L (0+) = 0 = 0 + v L (0+) or v L (0+) = 0 V. 

( 1 ) 

(b) Since i(0+) = 0, i c (0+) = V s /R s 

But, ic = Cdv/dt which leads to dv(0+)/dt = V s /(CRs) 

(2) 

From(l), dv(0+)/dt = dv R (0+)/dt + dv L (0+)/dt 

(3) 

v R = iR or dv R /dt = Rdi/dt 
(4) 

But, v L = Ldi/dt, Vl(0+) = 0 = Ldi(0+)/dt anddi(0+)/dt = 0 (5) 

From (4) and (5), dv R (0+)/dt = 0 V/s 

From (2) and (3), dv L (0+)/dt = dv(0+)/dt = V S /(CR S ) 

(c) As t approaches infinity, the capacitor acts like an open circuit, while the inductor 
acts like a short circuit. 

v R (oo) = [R/(R + R S )]V S 


vl(qo) = 0 V 



Chapter 8, Solution 7. 

a = [R/(2L)] = 20xl0 3 /(2x0.2xl0 3 ) = 50x10 6 

«o = [1/(LC)°- 5 ] = l/(0.2xl0 3 x5x10“ 6 ) 0 ' 5 = 3.162 xlO 4 

a > co 0 -> overdamped 

overdamped 



Chapter 8, Solution 8. 

Design a problem to help other students better understand source-free RLC circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


The branch current in an RLC circuit is described by the differential equation 


di „ di 
—+ 6 — 
dt dt 


+ 9i = 0 


and the initial conditions are z(0) = 0, di(0)/dt = 4. Obtain the characteristic equation and 
determine i(t) for / > 0. 

Solution 


s 2 + 6s + 9 = 0, thus si ,2 



= -3, repeated roots. 


i(t) = [(A + Bt)e' 3t ], i(0) = 0 = A 
di/dt = [Be' 3t ] + [-3(Bt)e' 3t ] 


di(0)/dt = 4 = B. 
Therefore, i(t) = [4te' 3t ] A 



Chapter 8, Solution 9. 


s 2 + 10s + 25 = 0, thus s i ; 2 


-io± Vio-io 

2 


= -5, repeated roots. 


i(t) = [(A + Bt)e' 5t ], i(0) = 10 = A 
di/dt = [Be' 5t ] + [-5(A + Bt)e 5t ] 


di(0)/dt = 0 = B - 5A = B - 50 or B = 50. 
Therefore, i(t) = [(10 + 50t)e‘ st ] A 



Chapter 8, Solution 10. 


s 2 + 5s + 4 = 
v(t) 

dv(0)/dt = 


0, thus Si ,2 


-5±a/25-16 

2 


= -4, -1. 


= (Ae' 4t + Be' 1 ), v(0) = 0 = A + B, or B = - 
dv/dt = (-4Ae' 4t - Be 4 ) 


10 = - 4A - B = -3A or A = -10/3 and B 


Therefore, v(t) = (-(10/3)e' 4t + (10/3)e 4 ) V 


= 10/3. 



Chapter 8, Solution 11. 


2 

s" + 2s + 1 = 0, thus s i 2 


-2±V4-4 

2 


= -1, repeated roots. 


v(t) = [(A + Bt)e l J, v(0) = 10 = A 
dv/dt = [Be _t ] + [-(A + Bt)e l J 


dv(0)/dt = 0 = B - A = B - 10 or B = 10. 
Therefore, v(t) = [(10 + 10t)e‘‘] V 



Chapter 8, Solution 12. 


(a) Overdamped when C > 4L/(R 2 ) = 4x1.5/2500 = 2.4xl0~ 3 , or 

C > 2.4 mF 

(b) Critically damped when C = 2.4 mF 

(c) Underdamped when C < 2.4 mF 



Chapter 8, Solution 13. 


Let RII60 = R 0 . For a series RLC circuit, 



For criticai damping, co Q = a = R 0 /(2L) = 5 
or R 0 = 10L = 40 = 60R/(60 + R) 
which leads to R = 120 ohms 



Chapter 8, Solution 14. 

When the switch is in position A, v(0')= 0 and Íl(0) = 80/40 = 2 A. When the 
switch is in position B, we have a source-free series RCL circuit. 


R 



10 

2x4 


1.25 


(o n 


1 

vTc 



= 1 


When the switch is in position A, v(0 )= 0. When the switch is in position B, we 
have a source-free series RCL circuit. 


R 



10 

2x4 


1.25 


ü)„ 


1 

Vlc 



= 1 


Since a > <x> 0 , we have overdamped case. 

=-a± ^a 2 - col = -1.25 ± >/L56Í -0.5 and -2 0.9336 

v(t) = Ae~ 2t + Be a5t (1) 

v(0) = 0 = A + B (2) 


i c (0) = C(dv(0)/dt) = -2 or dv(0)/dt = -2/C = -8. 


But 


d ^ ) = -2Ae _2t -0.5Be“ a5t 
dt 


r/v(0) 

dt 


-2A-0.5B = -8 


Solving (2) and (3) gives A= 1.3333 and B = -1.3333 

v(t) = 5.333e" 2t -5.333e" 0 - st V. 


( 3 ) 



Chapter 8, Solution 15. 

Given that si = -10 and S 2 = -20, we recall that 

s i ,2 = -a±-yja 2 — co 2 = -10,-20 

Clearly, si + S 2 = -2a = -30 or a = 15 = R/(2L) or R = 60L (1) 

Si = -15 + yj 15 2 - co 2 = -10 which leads to 15 2 - co 0 2 = 25 

or coo = V225-25 = V2ÕÕ = i/a/LC , thus LC = 1/200 (2) 

Since we have a series RLC circuit, i L = i c = Cdvc/dt which gives, 

i L /C = dvc/dt = [200e' 20t - 300e' 30t ] or i L = 100C[2e 20t - 3e' 30t ] 

But, i isalso = 20{[2e‘ 20t - 3e' 30t ]xl0' 3 } = 100C[2e 20t - 3e 30t ] 

Therefore, C = (0.02/10 2 ) = 200 pF 
L = 1/(200C) = 25 H 


R = 30L = 750 ohms 



Chapter 8, Solution 16. 

At t = 0, i(0) = 0, v c (0) = 40x30/50 = 24V 
For t > 0, we have a source-free RLC circuit. 

a = R/(2L) = (40 + 60)/5 = 20 and co 0 = ~^= = . 1 

VLC Vl0- 3 x2.5 

co o = a leads to criticai damping 
i(t) = [(A + Bt)e" 20t ], i(0) = 0 = A 
di/dt = {[Be' 20t ] + [-20(Bt)e" 20t ]}, 
but di(0)/dt = -(l/L)[Ri(0) + v c (0)] = -(l/2.5)[0 + 24] 

B = -9.6 or i(t) = [-9.6te“ 20 *] A 


Hence, 



Chapter 8, Solution 17. 


i(0) = I 0 = 0, v(0) = V 0 = 4x5 = 20 

=-I (^o + Vo) = -4(0 + 20) = -80 
dt L 


a = 


1 


1 


VZc ITT 

V 4 25 


= 10 


/? 10 _ , . , . 
a = — = —— = 20, which is> co n . 

2 L 2 I 

4 


s = -a ± -yja 2 -co] = -20 ± V3ÕÕ = -20 ± 10V3 = -2.679,-37.32 


4 -2.679f . . -37.32í 

i(t) = A 1 e + A 2 e 


/(O) = 0 = A, + A,, = -2.679A, -37.32A, = -80 

dt 

This leads to A, = -2.309 = -A 2 


7(0 = 2.309(e 


-37.32? -2.679? 

-e 


) 


1 c / 

Since,v(t ) = — 7‘(?)J? + 20, wegeí 

J 0 


C Jo 


v(t) = [21.55e' 2 ' 679t - 1.55e‘ 37 ' 32t ] V 



Chapter 8, Solution 18. 


When the switch is off, we have a source-free parallel RLC circuit. 

1 1 o 1 n. 

co , = —;= = , = = 2, a = -= 0.5 

VZc V0.25 jc1 2RC 

a < co 0 - > underdamped case co d = co 0 2 -a 2 = V4-0.25 = 1.936 

I o (0) = i(0) = initial inductor current = 100/5 = 20 A 
V o (0) = v(0) = initial capacitor voltage = 0 V 

v(t) = e~ at (A l cosicoj) + A 2 sin (co d t)) = e^' 5al {A l cos(1.936t) + A 2 sin(1.9360) 


v(0) =0 = A, 


— = e-°- 5at (-0.5)(A, cos(l .9360 + A sin(l .9360) + e~°' 5at (-1.936A, sin(l .9360 +1.936A, cos(l .9360) 
clt 


dv{ 0)_ (V 0 + RI 0 ) _ (0 + 20) 
dt RC 1 

Thus, 


= -20 = -0.5 A, + 1.936A, 


-> A, =-10.333 


v(0 = [-10.333c -0 - 5 ' sin(1.9360]voto 



Chapter 8, Solution 19. 


For t < 0, the equivalent circuit is shown in Figure (a). 



i(0) = 120/10 = 12, v(0) = 0 

For t > 0, we ha ve a series RLC circuit as shown in Figure (b) with R = 0 = a. 


1 1 ns 

C0 o : ,- = —j= = U.J = COd 

VLC V4 


i(t) = [Acos0.5t + Bsin0.5t], i(0) = 12 = A 
v = -Ldi/dt, and -v/L = di/dt = 0.5[-12sin0.5t + Bcos0.5t], 
which leads to -v(0)/L = 0 = B 
Hence, i(t) = 12cos0.5t A and v = 0.5 

However, v = -Ldi/dt = -4(0.5)[-12sin0.5t] = 24sin(0.5t) V 




Chapter 8, Solution 20. 

For t < 0, the equivalent circuit is as shown below. 



v(0) = -30 V and i(0) = 30/2 = 15 A 
For t > 0, we have a series RLC circuit. 

a = R/(2L) = 2/(2x0.5) = 2 
coo = 1/VLC = 1/^/0.5x1/4 = 2 a/ 2 
Since a is less than co 0 , we have an under-damped response. 

co d = yjcúl - a 2 = V8-4 = 2 

i(t) = (Acos(2t) + Bsin(2t))e 2t 
i(0) = 15 = A 

di/dt = -2(15cos(2t) + Bsin(2t))e 2t + (-2xl5sin(2t) + 2Bcos(2t))e" at 
di(0)/dt = -30 + 2B = -(l/L)[Ri(0) + v c (0)] = -2[30-30] = 0 
Thus, B = 15 and i(t) = (15cos(2t) + 15sin(2t))e' 2t A 




Chapter 8, Solution 21. 


By combining some resistors, the circuit is equivalent to that shown below. 
6011(15 + 25) = 24 ohms. 



At t = 0-, i(0) = 0, v(0) = 24x24/36 = 16V 

For t > 0, we have a series RLC circuit. R = 30 ohms, L = 3 H, C = (1/27) F 

a = R/(2L) = 30/6 = 5 

co o =1/VLC =1/V3x 1/27 = 3, clearly a > co 0 (overdamped response) 

Si,2 = - a ± yj a 2 - (£>l =-5±V5 2 -3 2 = -9,-1 

v(t) = [Ae _t + Be' 9t ], v(0) = 16 = A + B (1) 

i = Cdv/dt = C[-Ac‘ L - 9Be' 9t ] 
i(0) = 0 = C[-A - 9B] or A = -9B (2) 

From (1) and (2), B = -2 and A = 18. 


Hence, 


v(t) = (18e * - 2e‘ 9t ) V 




Chapter 8, Solution 22. 


Compare the characteristic equation with eq. (8.8), i.e. 

R 1 


_2 1 ' -L „ 

^ —s+— = 0 

L LC 

we obtain 

- = 100 - > 

L 


R 2000 


100 100 


20 H 


— = 10 6 

LC 



10 6 

~2Õ 


= 50 nF 



Chapter 8, Solution 23. 


Let Co = C + 0.01. For a parallel RLC circuit, 

a = 1/(2RC 0 ), coo = 1 /VlQ 

a = 1 = 1/(2RC 0 ), we then have C 0 = 1/(2R) = 1/20 = 50 mF 
C0o = 1/ VO.02x0.05 = 141.42 > a (underdamped) 

Co = C + 10 mF = 50 mF or C = 40 mF 



Chapter 8, Solution 24. 

When the switch is in position A, the inductor acts like a short circuit so 

i(0 ) = 4 

When the switch is in position B, we have a source-free parallel RCL circuit 


1 

1 _5 

2RC " 

2x10x10x10 3 

1 

1 

- ?n 

" Vlc 

— - - £—\J 

. — xlOxlO 3 
v 4 


Since a < co 0 , we have an underdamped case. 

=-5 + V25-400 = -5+jl9.365 
i(t)= e 5t (A 1 cosl9.365t+A 2 sinl9.365t) 
i(0) = 4=A 1 

v=L^ dj(0) _ v(0)_ 0 

dt dt L 

-^ = e 5t (-5A x c osl9.365t - 5A 2 sin19.365t -19.365A, sin 19.365t +19.365A 2 c o sl9.365t) 

0 = [di(0)/dt] = -5Ai + 19.365A 2 or A 2 = 20/19.365 = 1.0328 

i(t) = e _st [4cos(19.3651) + 1.0328sin(19.365t)] A 



Chapter 8, Solution 25. 


Using Fig. 8.78, design a problem to help other students to better understand source-free RLC 
circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


In the circuit in Fig. 8.78, calculate i 0 (t ) and v 0 (t) for / > 0. 


3(1 V 






+ 

| í f = 

= rjt) 


Figure 8.78 

Solution 


In the circuit in Fig. 8.76, calculate i Q (t) and v G (t) for t>0. 



At t = 0', v o (0) = (8/(2 + 8)(30) = 24 

For t > 0, we have a source-free parallel RLC circuit. 

a = 1/(2RC) = !4 
co 0 = 1/ VlC =1/ ^/lxl/4 = 2 






















Since a is less than co 0 , we have an under-damped response. 


co d = - a 2 = -y/4 — (1/16) =1.9843 

v 0 (t) = (Aicoscodt + A 2 sinc 0 dt)e' at 

v o (0) = 30(8/(2+8)) = 24 = Aj and i G (t) = C(dv G /dt) = 0 when t = 0. 

dvo/dt = -a(AicoscOdt + A 2 sincOdt)e' at + (-cOdAisincOdt + C 0 dA 2 cosc 0 dt)e' at 

at t = 0, we get dv o (0)/dt = 0 = -aAi + C0dA 2 

Thus, A 2 = (a/co d )Ai = (l/4)(24)/l.9843 = 3.024 

v Q (t) = (24cosl.9843t + 3.024sinl.9843t)e t/4 volts. 

i 0 (t) = Cdv/dt = 0.25[-24(1.9843)sinl.9843t + 3.024(1.9843)cosl.9843t 
0.25(24cosl.9843t) - 0.25(3.024sinl.9843t)]e~ t/4 

= [- 12.095sinl.9843t]e _t/4 A. 



Chapter 8, Solution 26. 


2 

s + 2s + 5 = 0, which leads to Si j2 


- 2 ± a/4 - 20 
2 


-l±j4 


These roots indicate an underdamped Circuit which has the generalized solution 
given as: 


i(t) = I s + [(AiCOs(4t) + A 2 sin(4t))e' t ], 

At t = oo, (di(t)/dt) = 0 and (d 2 i(t)/dt 2 ) = 0 so that 
Is = 10/5 = 2 (from (d 2 i(t)/dt 2 )+2(di(t)/dt)+5 = 10) 

i(0) = 2 = 2 +Ai, or Ai = 0 

di/dt = [(4A 2 cos(4t))e' t ] + [(-A 2 sin(4t))e''] = 4 = 4A 2 , or A 2 = 1 
i(t) = [2 + sin(4te"‘)] amps 



Chapter 8, Solution 27. 


_ A _i_ f \ f) QO 

s 2 + 4s + 8 = 0 leads to s = -—-= -2 ± j2 

2 

v(t) = V s + (Aicos2t + A2sin2t)e' 2t 
8V S = 24 means that V s = 3 
v(0) = 0 = 3 + Ai leads to Ai = -3 
dv/dt = -2(Aicos2t + A2sin2t)e' 2t + (-2AiSÍn2t + 2A2COs2t)e 2t 
0 = dv(0)/dt = -2Ai +2A 2 or A 2 = Ai = -3 
v(t) = [3 - 3(cos(2t) + sin(2t))e _2t ] volts. 



Chapter 8, Solution 28. 



A=-2.3163, B= -1.3163 
Hence, 

i(t) = [2-2.3163e -6 ' 45t -1.3163e" L5505 ‘] A. 



Chapter 8, Solution 29. 

(a) s 2 + 4 = 0 which leads to si ,2 = ±j2 (an undamped circuit) 

v(t) = V s + Acos2t + Bsin2t 
4V S = 12 or V s = 3 
v(0) = 0 = 3 + AorA = -3 
dv/dt = -2Asin2t + 2Bcos2t 

dv(0)/dt = 2 = 2B or B = 1, therefore v(t) = (3 - 3cos2t + sin2t) V 

(b) s 2 + 5s + 4 = 0 which leads to Si ,2 = -1,-4 

i(t) = (I s + Ae' 1 + Be' 4t ) 

41 s = 8 or I s = 2 

i(0) = -1 = 2 +A + B, or A + B = -3 (1) 

di/dt = -Ae' 1 - 4Be' 4t 

di(0)/dt = 0 = -A-4B, or B = -A/4 (2) 

From (1) and (2) we get A = -4 and B = 1 

i(t) = (2 - 4e‘ + e' 4t ) A 

(c) s + 2s + 1 = 0, Si _2 = -1,-1 

v(t) = [V s + (A + Bt)e' 1 ], Vs = 3. 
v(0) = 5 = 3 + AorA = 2 
dv/dt = [-(A + Bt)e' 1 ] + [Be' 1 ] 
dv(0)/dt = -A + B = 1 orB = 2 + 1 = 3 
v(t) = [3 + (2 + 3t)e ‘] V 



(d) s 2 + 2s +5 = 0, Si ,2 = -1 +j2, -1 — j2 

i(t) = [I s + (Acos2t + Bsin2t)e" 1 ], where 5I S = 10 or I s = 2 
i(0) = 4 = 2 + AorA = 2 
di/dt = [-(Acos2t + Bsin2t)e^] + [(-2Asin2t + 2Bcos2t)e' t ] 
di(0)/dt = -2 = -A + 2B or B = 0 
i(t) = [2 + (2cos2t)e‘‘] A 



Chapter 8, Solution 30. 

The step responses of a series RLC circuit are 

v c (t) = [40-10e 2000t -10e 4000l J volts, t > 0 and 
i L (t) = [3c 20()0i +6c 40001 ] m A, t > 0. 

(a) Find C. (b) Determine what type of damping exhibited by the circuit. 

Solution 

Step 1. For a series RLC circuit, i R (t) = i L (t) = ic(t). 

We can determine C from ic(t) = ÍlOO = C(dvc/dt) and we can determine that the 
circuit is overdamped since the exponent value are real and negative. 

Step 2. C(dv c /dt) = C[ 20.000c 200(ll +40.000c 4000t J = 0.003e 2000, +0.006c 40001 or 

C = 0.003/20,000 = 150 pF. 



Chapter 8, Solution 31. 

For t = 0-, we have the equivalent circuit in Figure (a). For t = 0+, the equivalent 
Circuit is shown in Figure (b). By KVL, 

v(0+) = v(O-) = 40, i(0+) = i(O-) = 1 

By KCL, 2 = i(0+) + ii = 1+ii which leads to ii = 1. By KVL, -vl + 40Íj + 
v(0+) = 0 which leads to vl(0+) = 40x1 + 40 = 80 


v L (0+) = 80 V, v c (0+) = 40 V 




Chapter 8, Solution 32. 

For t = 0-, the equivalent circuit is shown below. 



6 Q 

i(O-) = 0, v(O-) = -2x6 = -12V 
For t > 0, we have a series RLC circuit with a step input. 

a = R/(2L) = 6/2 = 3, co G = 1 /VlC = 1/VÕÕ4 
s = - 3 ± -\/9 - 25 = -3 ± j4 
Thus, v(t) = V t - + [(Acos4t + Bsin4t)e' 3t ] 
where Vf = final capacitor voltage = 50 V 
v(t) = 50 + [(Acos4t + Bsin4t)e 3t ] 
v(0) = -12 = 50+ A which gives A = -62 
i(0) = 0 = Cdv(0)/dt 

dv/dt = [-3(Acos4t + Bsin4t)e‘ 3t ] + [4(-Asin4t + Bcos4t)e~ 3t ] 
0 = dv(0)/dt = -3A + 4B or B = (3/4)A = -46.5 

v(t) = {50 + [(-62cos4t - 46.5sin4t)e“ 3t ]} V 



Chapter 8, Solution 33. 


We may transform the current sources to voltage sources. For t 
Circuit is shown in Figure (a). 


10 Q 



(a) (b) 

i(0) = 30/15 = 2 A, v(0) = 5x30/15 = 10 V 
For t > 0, we have a series RLC circuit, shown in (b). 

a = R/(2L) = 5/2 = 2.5 

G 0 o = 1 / VlC = 1 / yÍ4 = 0.5, clearly a > co 0 (overdamped response) 

si, 2 = - a ± -yja 2 - (o 2 0 = -2.5 ± Vó.25 - 0.25 = -4.949, -0.0505 

v(t) = V s + [Aie~ 4 ' 949t + A 2 e' a0505t ], V s = 20. 

v(0) = 10 = 20 + Ai+A 2 or 
A 2 = -10 - Ai 
(1) 

i(0) = Cdv(0)/dt or dv(0)/dt = -2/4 = -1/2 

Hence, -0.5 = - 4.949Ai - 0.0505A 2 (2) 

From (1) and (2), -0.5 = -4.949A, + 0.0505(10 + Ai) or 

-4.898A! =-0.5-0.505 = -1.005 

Ai = 0.2052, A 2 = -10.205 

v(t) = [20 + 0.2052e _4 ' 949t - 10.205e ° ° 5t ] V. 






Chapter 8, Solution 34. 

Before t = 0, the capacitor acts like an open circuit while the inductor behaves like 
a short circuit. 

i(0) = 0, v(0) = 50 V 

For t > 0, the LC circuit is disconnected from the voltage source as shown below. 



Since a is equal to zero, we have an undamped response. Therefore, 
i(t) = Aicos( 8 t) + A 2 sin( 8 t) where i(0) = 0 = Ai 
di(0)/dt = (1/L)v l (0) = -(1/L)v(0) = -4x50 = -200 
However, di/dt = 8 A 2 cos( 8 t), thus, di(0)/dt = -200 = 8 A 2 which leads to A 2 = -25 


Now we have 


i(t) = -25sin(8t) A 



Chapter 8, Solution 35. 


Using Fig. 8.83, design a problem to help other students to better understand the step response of 
series RLC circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Determine v(í) for I > 0 in the circuit in Fig. 8.83. 


2 Q 



-- cnrr - 

1 H 

Figure 8.83 

Solution 

At t = 0-, i L (0) = 0, v(0) = v c (0) = 8 V 
For t > 0, we have a series RLC circuit with a step input. 

a = R/(2L) = 2/2 = 1, co 0 = 1/VlC = 1 /Ví/Ã = V5 
Si ,2 = - a ± a 2 - co^ = — 1 ± j2 

v(t) = V s + [(Acos2t + Bsin2t)e' 1 ], V s = 12. 
v(0) = 8 = 12 +A or A = -4, i(0) = Cdv(0)/dt = 0. 
But dv/dt = [-(Acos2t + Bsin2t)e" 1 ] + [2(-Asin2t + Bcos2t)e _t ] 
0 = dv(0)/dt = -A + 2B or 2B = A = -4 and B = -2 
v(t) = {12 - (4cos2t + 2sin2t)e t V. 













Chapter 8, Solution 36. 

For t = 0“, 3u(t) = 0. Thus, i(0) = 0, and v(0) = 20 V. 
For t > 0, we have the series RLC circuit shown below. 



a = R/(2L) = (2 + 5 + l)/(2x5) = 0.8 
C 0 o= 1 /VlC = 1/V5x0.2 = 1 

s i ,2 = - a ± yj a 2 - co^ = -0.8 ± j0.6 

v(t) = V s + [(Acos(0.6t) + Bsin(0.6t))e'° 8t ] 

V s = 30 + 40 = 70 V and v(0) = 40 = 70 + A or A = -30 
i(0) = Cdv(0)/dt = 0 

But dv/dt = [-0.8(Acos(0.6t) + Bsin(0.6t))e~°' 8t ] + [0.6(-Asin(0.6t) + Bcos(0.6t))e~° 8t ] 
0 = dv(0)/dt = -0.8A + 0.6B which leads to B = 0.8x(-30)/0.6 = -40 
v(t) = {70 - [(30cos(0.6t) + 40sin(0.6t))e"°- 8t ]} V 
i = Cdv/dt 

= 0.2{[0.8(30cos(0.6t) + 40sin(0.6)t)e 0 ' 8t ] + [0.6(30sin(0.6t) -40cos(0.6t))e°- 8t ]} 


i(t) = 10sin(0.6t)e" OSt A 





Chapter 8, Solution 37. 


For t = 0 , the equivalent circuit is shown below. 



18 Í 2 — 6 i i =0 or i, = 3 Í 2 

-45 + 6 (ii - Í 2 ) + 15 = 0 or ii - Í 2 = 30/6 

( 2 ) 

From (1) and (2), (2/3)ii = 5 or ii = 7.5 and Í 2 = ii — 5 = 2.5 

i(0) = ij = 7.5A 
-15 - 6 í 2 + v(0) = 0 
v(0) = 15 + 6x2.5 = 30 
For t > 0, we have a series RLC circuit. 

R = 61112 = 4 

coo = 1 /VlC = l/V(l/2)(l/8) = 4 

a = R/(2L) = (4)/(2x(l/2)) = 4 
a = co 0 , therefore the circuit is critically damped 
v(t) = V s +[(A + Bt)e' 4t ], and V s = 15 





v(0) = 30 = 15 + A, or A = 15 
i c = Cdv/dt = C[-4(15 + Bt)e' 4t ] + C[(B)e' 4t ] 


To find ic(0) we need to look at the circuit right after the switch is opened. At this time, 
the current through the inductor forces that part of the circuit to act like a current source 
and the capacitor acts like a voltage source. This produces the circuit shown below. 
Clearly, ic(0+) must equal -i L (0) = -7.5A. 



ic(0) = -7.5 = C(-60 + B) which leads to -60 = -60 + B or B = 0 
i c = Cdv/dt = (l/8)[—4(15 + 0t)e' 4t ] + (l/8)[(0)e‘ 4t ] 


ic(t) = [—(1 /2) (15)e‘ 4t ] 


i(t) = -i c (t) = 7.5e' 4t A 




Chapter 8, Solution 38. 


At t = 0 , the equivalent circuit is as shown. 


2 A 



i(0) = 2A, ii(0) = 10(2)/(10 + 15) = 0.8 A 
v(0) = 5i i (0) = 4V 

For t > 0, we have a source-free series RLC circuit. 

R = 511(10+10) = 4 ohms 

coo = 1/VlC = 1/V(1 / 3)(3 / 4) = 2 
a = R/(2L) = (4)/(2x(3/4)) = 8/3 
s i ,2 = - a ± -yj a 2 - co 3 = -4.431, -0.903 
i(t) = [Ae' 4 ' 431t + Be'°' 903t ] 

i(0) = A + B = 2 (1) 

di(0)/dt = (1/L)[-Ri(0) + v(0)] = (4/3)(-4x2 + 4) = -16/3 = -5.333 

Hence, -5.333 = -4.431A - 0.903B (2) 

From (1) and (2), A = 1 and B = 1. 


i(t) = te' 4 ' 431 * + e'°' 903t ] A 



Chapter 8, Solution 39. 


For t = 0 , the source voltages are equal to zero thus, the initial conditions are v(0) = 0 and 
Íl(0) = 0. 



For t > 0, the circuit is shown above. 

R = 201130 = 12 ohms 

co 0 = 1 /VlC = 1/ a /( 1/2)(1/4) = Vê 

a = R/(2L) = (12)/(0.5) = 24 
Since a > co 0 , we have an overdamped response. 

si ,2 = - a ± -yj a 2 - tf = -47.83, -0.167 

Thus, v(t) = V s + [Ae -47 ' 831 + Be" 01671 ], where 

V s = [60/(30+20)]20-30 = -6 volts. 

v(0) = 0 = -6 + A + B or 6 = A + B (1) 

i(0) = Cdv(0)/dt = 0 
But, dv(0)/dt = -47.83A - 0.167B = 0 or 
B = -286.4A 

From (1) and (2), A + (-286.4)A = 6 or A = 6/(-285.4) = -0.02102 and 

B = -286.4x(-0.02102) = 6.02 

v(t) = [-6 + (-0.021e' 47 ' 83t +6.02e'°' 167t )] volts. 


( 2 ) 





Chapter 8, Solution 40. 

At t = 0-, v c (0) = 0 and i L (0) = i(0) = (6/(6 + 2))4 = 3A 
For t > 0, we have a series RLC circuit with a step input as shown below. 

2 H 0 02 F 14 0 



co 0 = 1 /VlC = 1/V2x0.02 = 5 
a = R/(2L) = (6 + 14)/(2x2) = 5 
Since a = co 0 , we have a critically damped response. 
v(t) = V s + [(A + Bt)e' 5t ], V s = 24 - 12 = 12V 
v(0) = 0 = 12 +A or A = -12 
i = Cdv/dt = C{ [Be' 5t ] + [-5(A + Bt)e' 5t ]} 
i(0) = 3 = C[-5A + B] = 0.02[60 + B] orB =90 
Thus, i(t) = 0.02{[90e' 5t ] + [-5(-12 + 90t)e' 5t ]} 
i(t) = {(3 - 9t)e‘ 5 *} A 





Chapter 8, Solution 41. 


At t = 0 , the switch is open. i(0) = 0, and 

v(0) = 5x100/(20 + 5 +5) = 50/3 

For t > 0, we have a series RLC circuit shown in Figure (a). After source 
transformation, it becomes that shown in Figure (b). 



Thus, v(t) = V s + [(Acos(codt) + Bsin(cOdt))e' 2t ], 


where C0d = 4.583 and V s = 20 
v(0) = 50/3 = 20 +A or A = -10/3 
i(t) = Cdv/dt 

= C(-2) [(Acos(codt) + Bsin(codt))e 2t ] + Ccod[(-Asin(codt) + Bcos(cc>dt))e' 2t ] 

i(0) — 0 = -2A + co d B 

B = 2A/co d = -20/(3x4.583) = -1.455 

i(t) = C{[(0cos(c0dt) + (-2B - co d A)sin(cOdt))]e' 2t } 

= (1/25){[(2.91 + 15.2767) sin(cOdt))]e' 2t } 


i(t) = 727.5sin(4.583t)e' 2t mA 




Chapter 8, Solution 42. 


For t = 0-, we have the equivalent circuit as shown in Figure (a). 
i(0) = i(0) = 0, and v(0) = 4- 12 = -8V 



For t > 0, the circuit becomes that shown in Figure (b) after source transformation. 

co 0 = 1/VlC = l/Vlxl/25 = 5 
a = R/(2L) = (6)/(2) = 3 

si ,2 = - a ± yj a 2 - co 3 = -3 ± j4 

Thus, v(t) = V s + [(Acos4t + Bsin4t)e’ 3t ], V s = -12 

v(0) = -8 = -12 +A or A = 4 

i = Cdv/dt, or i/C = dv/dt = [-3(Acos4t + Bsin4t)e 3t ] + [4(-Asin4t + Bcos4t)e 3t ] 

i(0) = -3A + 4B or B = 3 
v(t) = {-12 + [(4cos4t + 3sin4t)e' 3t ]} A 






Chapter 8, Solution 43. 


For t>0, we have a source-free series RLC circuit. 

a = — -> R = 2aL = 2x8x0.5 = 8Í2 

2L 

co^ = -yj cOq — cx~ = 30 -^ cOq = V900 + 64 = V964 




---= 2.075 mF 

964x0.5 



Chapter 8, Solution 44. 


R 

a = — 
2 L 


1000 

~1Ã 


= 500, 


oj„ = 


VZc Vi ooxio 


= io 4 


co 0 > a -> underdamped. 



Chapter 8, Solution 45. 


coo = 1/VlC = 1/Vlx0.5 = V2 
a = 1/(2RC) = (1)/(2x2x0.5) = 0.5 
Since a < co 0 , we have an underdamped response. 

si,2 = -a±^/cOo -a 1 = -0.5 ±j 1.3229 

Thus, i(t) = I s + [(Acosl.3229t + Bsinl.3229t)e’°' 5t ], I s = 4 

1(0) = 1 = 4 + A or A = -3 

v = vc = v L = Ldi(0)/dt = 0 

di/dt = [1.3229(-Asinl.3229t + Bcosl.3229t)e'°' 5t ] + 
[-0.5(Acosl.3229t + Bsinl.3229t)e'°- 5t ] 

di(0)/dt = 0 = 1.3229B - 0.5A or B = 0.5(-3)/1.3229 = -1.1339 


Thus, i(t) = {4 - [(3cosl.3229t + 1.1339sinl.3229t)e t/2 ]} A 

To find v(t) we use v(t) = v L (t) = Ldi(t)/dt. 

From above, 

di/dt = [1.3229(-Asinl.3229t + Bcosl.3229t)e‘°' 5t ] + 

[-0.5(Acosl.323t + Bsinl.323t)e'°- 5t ] 

Thus, 

v(t) = Ldi/dt = [1.323(-Asinl.323t + Bcosl.323t)e°' 5t ] + 
[-0.5(Acosl.323t + Bsinl.323t)e'°- 5t ] 

= [1.3229(3sinl.3229t - 1.1339cosl.3229t)e‘°' 5t ] + 

[(1.5cosl.3229t + 0.5670sinl.3229t)e°- 5t ] 

v(t) = [(-0cosl.323t + 4.536sinl.323t)e°- 5t ] V 

= [(4.536sinl.3229t)e‘ t/2 ] V 

Please note that the term in front of the cos calculates out to -3.631x10 5 which is zero for 
all practical purposes when considering the rounding errors of the terms used to calculate 
it. 



Chapter 8, Solution 46. 

Using Fig. 8.93, design a problem to help other students to better understand the step response of 
a parallel RLC circuit. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find i(t) for / > 0 in the circuit in Fig. 8.93. 


i(0 8 mil 



Figure 8.93 


Solution 


For t = 0-, u(t) = 0, so that v(0) = 0 and i(0) = 0. 


For t > 0, we have a parallel RLC circuit with a step input, as shown below. 



a = 1/(2RC) = (1)/(2x2x10 3 x5xl0' 6 ) = 50 


co 0 = 1 /VlC = W8x10' 3 x5x10' 6 = 5,000 


Since a < co 0 , we have an underdamped response. 



Thus, 


i(t) = I s + [(Acos5,000t + Bsin5,000t)e 50t ], I s = 6mA 


i(0) = 0 = 6 + AorA = -6mA 




















v(0) = 0 = Ldi(0)/dt 


Thus, 


di/dt = [5,000(-Asin5,000t + Bcos5,OOOt)e' 50t ] + [-50(Acos5,000t + Bsin5,OOOt)e 50t ] 
di(0)/dt = 0 = 5,000B - 50A or B = 0.01(-6) = -0.06mA 
i(t) = {6 - [(6cos5,000t + 0.06sin5,000t)e' 50t ] } mA 



Chapter 8, Solution 47. 


For t > 0, 
a step input. 


Thus, 


At t = 0-, weobtain, i L (0) = 3x5/(10 + 5) = IA 
and v o (0) = 0. 

the 10-ohm resistor is short-circuited and we have a parallel RLC circuit with 

a = 1/(2RC) = (1)/(2x5x0.01) = 10 

coo = 1 /VlC = 1/VlxO.Ol = 10 

Since a = co 0 , we have a critically damped response. 

S 1,2 = -10 

i(t) = I s + [(A + Bt)e 10t ], Is = 3 

i(0) = 1 = 3 + A or A = -2 
v 0 = Ldi/dt = [Be' 10t ] + [-10(A + Bt)e' 10t ] 
v o (0) = 0 = B - 10A or B = -20 
Thus, v Q (t) = (200te lot ) V 



Chapter 8, Solution 48. 


For t = 
For t > 

a 

co 

Since a = 

Thus, 

v 

Vr 


3 , we obtain i(0) = -6/(1 + 2) = -2 and v(0) = 2x1 = 2. 

3, the voltage is short-circuited and we have a source-free parallel RLC circuit. 

= 1/(2RC) = (l)/(2xlx0.25) = 2 
3 = 1/VlC = Wlx0.25 = 2 
= C0o, we have a critically damped response. 

S 1,2 = -2 

i(t) = [(A + Bt)e' 2t ], i(0) = -2 = A 
= Ldi/dt = [Be 2t ] + [-2(-2 + Bt)e 21 ] 

(0) = 2 = B + 4 or B = -2 


i(t) = [(-2 - 2t)e _2t ] A 
and v(t) = [(2 + 4t)e“ 2t ] V 


Thus, 



Chapter 8, Solution 49. 


For t > 


Thus, 


For t = 0', i(0) = 3 + 12/4 = 6 and v(0) = 0. 
i, we have a parallel RLC circuit with a step input. 

a = 1/(2RC) = (1)/(2 x5x 0.05) = 2 
co 0 = 1 /VlC = 1/V5x0.05 = 2 
Since a = co 0 , we have a critically damped response. 

S 1,2 = -2 

i(t) = I s + [(A + Bt)e' 2t ], I s = 3 

i(0) = 6 = 3 + AorA = 3 
v = Ldi/dt or v/L = di/dt = [Be 2t ] + [-2(A + Bt)e' 2t ] 
v(0)/L = 0 = di(0)/dt = B - 2x3 or B = 6 
Thus, i(t) = {3 + [(3 + 6t)e' 21 ]} A 



Chapter 8, Solution 50. 


For t 


Thus, 


For t = 0-, 4u(t) = 0, v(0) = 0, andi(0) = 30/10 = 3A. 
0, we have a parallel RLC circuit. 



I s = 3 + 6 = 9A and R = 101140 = 8 ohms 
a = 1/(2RC) = (1)/(2x8x0.01) = 25/4 = 6.25 
coo = 1/VlC = W4x0.01 = 5 
Since a > co 0 , we have a overdamped response. 

Si,2 = -a±yja 2 -co 2 = -10,-2.5 

i(t) = I s + [Ae' 10t ] + [Be' 25t ], I s = 9 
i(0) = 3 = 9 + A + B orA + B = -6 
di/dt = [-10Ae' 10t ] + [-2.5Be' 25t ], 

v(0) = 0 = Ldi(0)/dt or di(0)/dt = 0 = -10A-2.5B or B = -4A 
Thus, A = 2 and B = -8 
Clearly, i(t) = { 9 + [2e 10t ] + [-8e' 2 5t ]} A 


Chapter 8, Solution 51. 


Let i = inductor current and v = capacitor voltage. 

At t = 0, v(0) = 0 and i(0) = i 0 . 

For t > 0, we have a parallel, source-free LC circuit (R = oo). 

a = 1/(2RC) = 0 and co 0 = 1/VlC which leads to su = ±jco 0 
v = AcoscOot + BsincOot, v(0) = 0 A 
ic = Cdv/dt = -i 
dv/dt = co 0 Bsinco 0 t = -i/C 
dv(0)/dt = co 0 B = -i 0 /C therefore B = i 0 /(co 0 C) 
v(t) = -(i 0 /(oDoC))sin(Oot V where ca,, = 1/ s]LC 



Chapter 8, Solution 52. 


a = 300 =- 

2 RC 


co d = Vco 0 2 - a 2 = 400 -» co^ = co d + a 2 = 160,000 + 90,000 

From (2), 


From (1), 


C =-^ =80 pF 

250,000x50x10 3 


R = —— =---- =20.830. 

2aC 2x300x80x10 6 



Chapter 8, Solution 53. 

At t<0, i(0 ) = 0, v c (0 ) = 120V 

For t >0, we have the circuit as shown below. 


80 Q 



120-V _ dv 

-= C — + i 

R dt 


120 = V + RC — + iR 
dt 


( 1 ) 


But 


i di 

v, = v = L— 
L dt 


Substituting (2) into (1) yields 
? i 


di _ d 2; 


120= L— +RCL^+iR 
dt dt 2 


or 


( 2 ) 


120 = -— + 


, 80x-xl0xl0 3 -^+80i 
4 dt 4 dt 2 


(d 2 i/dt 2 ) + 0.125(di/dt) + 400i = 600 



Chapter 8, Solution 54. 


Using Fig. 8.100, design a problem to help other students better understand general second-order 
circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the Circuit in Fig. 8.100, let 1 = 9A, R\ = 40 Q, R 2 = 20 Q, C = 10 mF, R 3 = 50 Q,and 
L = 20 mH. Determine: (a) i( 0 + ) and v(0 + ), (b) dz(0 + )/dt and dv(0 + )/dt, (c) i(00) and v(oo). 



Figure 8.100 
For Prob. 8.54. 


Solution 

(a) When the switch is at A, the Circuit has reached steady State. Under this condition, the Circuit 
is as shown below. 



(a) When the switch is at A, i(0 ~) = 9[(40x50)/(40+50)]/50 = 4 A and v(0“) = 50z'(0“) = 200 V. 
Since the current flowing through the inductor cannot change in zero time, z(0 + ) = /(O ) = 4 A. 
Since the voltage across the capacitor cannot change in zero time, v(0~) = v(0~) = 200 V. 



(b) For the inductor, vl = L(di/dt) or dz(0 + )/dt = vl(0 + )/0.02. 

At t = 0 + , the right hand loop becomes, 

-200 + 50x4 + vl(0 + ) = 0 or vl(0 + ) = 0 and (dz(0 + )/dt) = 0. 

For the capacitor, ic = C(dv/dt) or dv(0 + )/dt = /< 00 )/0.01. 

At t = 0 + , and looking at the current flowing out of the node at the top of the Circuit, 

((200-0)/20) + i c + 4 = 0 or i c = -14 A. 

Therefore, 

dv(0 + )/dt = -14/0.01 = -1.4 kV/s. 

(c) When the switch is in position B, the Circuit reaches steady State. Since it is source-free, i 
and v decay to zero with time. 

Thus, 

/(oo) = 0 A and v(oo) = 0 V. 



Chapter 8, Solution 55. 


At the top node, writing a KCL equation produces, 
i/4+i = Cidv/dt, Ci = 0.1 
5 i/4 = Cidv/dt = 0.1dv/dt 

i = 0.08dv/dt (1) 

But, v = — (2i + (1 / C 2 )Jidt), C 2 = 0.5 

or -dv/dt = 2di/dt + 2i (2) 

Substituting (1) into (2) gives, 

-dv/dt = 0.16d 2 v/dt 2 + 0.16dv/dt 
0.16d 2 v/dt 2 + 0.16dv/dt + dv/dt = 0, or d 2 v/dt 2 + 7.25dv/dt = 0 
Which leads to s 2 + 7.25s = 0 = s(s + 7.25) or su = 0,-7.25 
v(t) = A + Be' 7 - 251 (3) 

v(0) = 4 = A + B (4) 

From(l), i(0) = 2 = 0.08dv(0+)/dt or dv(0+)/dt = 25 
But, dv/dt = -7.25Be' 7 ' 25t , which leads to, 


dv(0)/dt = -7.25B = 25 or B = -3.448 and A = 4-B = 4 + 3.448 = 7.448 
Thus, v(t) = {7.448 -3.448e 7 - 25t } V 



Chapter 8, Solution 56. 


For t < 0, i(0) = 0 and v(0) = 0. 

For t > 0, the circuit is as shown below. 


4 Q 



Applying KVL to the larger loop, 

-20 +6i 0 +0.25di o /dt + 25 J (i 0 + i)dt = 0 
Taking the derivative, 

6di 0 /dt + 0.25d 2 i o /dt 2 + 25(i 0 + i) = 0 (1) 

For the smaller loop, 4 + 25 j (i + i 0 )dt =0 

Taking the derivative, 25(i + i 0 ) = 0 or i = -i Q (2) 

From (1) and (2) 6di 0 /dt + 0.25d 2 i o /dt 2 = 0 

This leads to, 0.25s 2 + 6s = 0 or si ,2 = 0,-24 

i 0 (t) = (A + Be 24t ) and i o (0) = 0 = A + BorB = -A 
As t approaches infinity, i 0 (°°) = 20/10 = 2 = A, therefore B = -2 
Thus, i 0 (t) = (2 - 2e' 24t ) = -i(t) or 

i(t) = (-2 + 2e' 24t ) A 




Chapter 8, Solution 57. 

(a) Let v = capacitor voltage and i = inductor current. At t = 0-, the switch is 
closed and the circuit has reached steady-State. 

v(O-) = 16V and i(O-) = 16/8 = 2A 

At t = 0+, the switch is open but, v(0+) = 16 and i(0+) = 2. 

We now have a source-free RLC circuit. 

R 8 + 12 = 20 ohms, L = 1H, C = 4mF. 

a = R/(2L) = (20)/(2xl) = 10 

coo = 1 /VlC = 1/^/1x0736) = 6 

Since a > co 0 , we have a overdamped response, 
si 5 2 = -a + ^/a 2 -co I = -18,-2 

Thus, the characteristic equation is (s + 2)(s + 18) = 0 or s 2 + 20s +36 = 0. 

(b) i(t) = [Ae' 2t + Be' 18t ] and i(0) = 2 = A + B (1) 

To get di(0)/dt, consider the circuit below at t = 0+. 

v 

-v(0) + 20i(0) + v L (0) = 0, which leads to, 

-16 + 20x2 + v L (0) = 0 or v L (0) = -24 
Ldi(0)/dt = v L (0) which gives di(0)/dt = v l (0)/L = -24/1 
Hence -24 = -2A-18B or 12 = A + 9B 


= -24 A/s 
( 2 ) 



From (1) and (2), 


B = 1.25 and A = 0.75 



i(t) = [0.75e' 2t + 1.25e' 18t ] = -i x (t) or i x (t) = [-0.75e‘ 2t - 1.25e' 18t ] A 
v(t) = 8i(t) = [6e‘ 2t + 10e 18 ‘] A 



Chapter 8, Solution 58. 


(a) Let i =inductor current, v = capacitor voltage i(0) =0, v(0) = 4 


dv( 0) [v(0) + Ri(0)] (4 + 0) 


dt RC 0.5 


(b) For t > 0, the circuit is a source-free RLC parallel circuit. 


* * , * * 

- = - = 1 ’ = /- - = / 

IRC 2jc0.5jc1 VZC V 0.25*1 


= -\l0) 2 o -a = a /4 — 1 = 1.732 

Thus, 

v(t ) = cosl.732í + A 2 sinl.732í) 

v(0) = 4 = Ai 

— = -e~'A x cosl.732í -1.732e _ 'A 1 sinl.732í - e~'A 2 sinl.732í + 1.732e”'A 2 cosl.732í 
dt 

= -8 = - A + 1.732A, -> A, = -2.309 

dt 


v(t) = e í (4cosl.732í - 2.309sin 1.7320 V 



Chapter 8, Solution 59. 


Let i = inductor current and v = capacitor voltage 
v(0) = 0, i(0) = 40/(4+16) = 2A 
For t>0, the circuit becomes a source-free series RLC with 


w o 1 1 n 

a = — =- = 2, o) n = —j= = . = = 2 , -> 

2L 2.r4 VZC V4 jc1/16 

i(f) = A A 2 ' + Bte 2 ' 
i(0) = 2 = A 

— = -2Ae 2f + Be 2 ' - 2Bte 2f 
dt 

^*- = -2A + B = --[Ri(0)-v(0)] -> - 2A + B = 

dt L 


a = co 0 =2 


-7(32-0), 

4 


B = -4 


i{t) = 2e~ 2t -4te~ 2 ‘ 


v 


1 

C 


J— idt + v(0) 
0 


-32J e“ 2t dt + 64j te~ 2t dt = +16e“ 2t 
0 0 


1 64 
H-e 

0 4 


-2t 


(—2t -1) 


t 

0 


v = -32te“ 2t V. 


v = Ldi/dt + Ri = 4(-4e~ 2t - 4c 21 + 8c 2L j + 16(2e 21 - 4te 2l j = -32tc 21 V. 


Checking, 



Chapter 8, Solution 60. 


At t = 0-, 4u(t) = 0 so that ii(0) = 0 = Í2(0) (1) 

Applying nodal analysis, 

4 = 0.5di i/dt + ii + io 
(2) 

Also, Í 2 = [ldii/dt - ldÍ2/dt]/3 or 3Í2 = dii/dt- dÍ 2 /dt (3) 

Taking the derivative of (2), 0 = d 2 i i/dt 2 + 2di i/dt + 2di 2 /dt (4) 

From (2) and (3), dÍ 2 /dt = dii/dt - 3Í2 = dii/dt - 3(4 - ii - 0.5dii/dt) 

= dii/dt - 12 + 3ii + 1.5dii/dt 

Substituting this into (4), 

d 2 ii/dt 2 + 7dii/dt + 6ii = 24 which gives s 2 + 7s + 6 = 0 = (s + l)(s + 6) 
Thus, ii(t) = I s + [Ae 4 + Be' 6t ], 6I S = 24 or I s = 4 
ii(t) = 4 + [Ae' 1 + Be' 6t ] and ii(0) = 4 + [A + B] (5) 

i 2 = 4-ii -0.5dii/dt = Í!(t) = 4 + -4 - [Ae 4 + Be 6t ] - [-Ae 4 - 6Be' 6t ] 

= [-0.5Ae 4 + 2Be" 6t ] and i 2 (0) = 0 = -0.5A + 2B (6) 

A = -3.2 and B = -0.8 


From (5) and (6), 


i j (t) = {4 + [-3.2e‘‘-0.8e‘ 6t ]} A 
i 2 (t) = [1.6e‘- 1.6e 6t ] A 



Chapter 8, Solution 61. 


For t > 0, we obtain the natural response by considering the circuit below. 


60 


At node a, 

vc/4 + 0.25dvc/dt + i L = 0 

(1) 

But, 

vc = ldiiVdt + 6 Íl 

(2) 

Combining (1) and (2), 



(l/4)di L /dt + (6/4 )Íl + 0.25d 2 i L /dt 2 + (6/4)di L /dt + i L = 0 
d 2 i L /dt 2 + 7di L /dt + IOÍl = 0 
s 2 + 7s + 10 = 0 = (s + 2)(s + 5) or Si ,2 = -2, -5 
Thus, i L (t) = Íl(°o) + [Ae‘ 2t + Be' 5t ], 
where Íl(°o) represents the final inductor current = 4(4)/(4 + 6) = 1.6 
i L (t) = 1.6 + [Ae' 2t + Be 5t ] and i L (0) = 1.6 + [A+B] or -1.6 = A+B (3) 

di L /dt = [-2Ae' 2t - 5Be' 5t ] 

and di L (0)/dt = 0 = -2A - 5B or A = -2.5B (4) 

From (3) and (4), A = -8/3 and B = 16/15 
i L (t) = 1.6 + [-(8/3)e' 2t + (16/15)e' 5t ] 
v(t) = 6i L (t) = {9.6 + [-16e‘ 2t + 6.4e st ]} V 
v c = ldi L /dt + 6i L = [ (16/3)e' 2t - (16/3)e' 5t ] + {9.6 + [-16e' 2t + 6.4e' 5t ]} 
v c = {9.6 + [-(32/3)e' 2t + 1.0667e' 5t ]} 
i(t) = v c /4 = {2.4 + [-2.667e' 2t + 0.2667e st ]} A 




Chapter 8, Solution 62. 


This is a parallel RLC circuit as evident when the voltage source is tumed off. 
a = 1/(2RC) = (l)/(2x3x(l/18)) = 3 
co 0 = 1 /VlC = 1/V2xl/18 = 3 

Since a = co 0 , we have a critically damped response. 

S 1,2 = -3 

Let v(t) = capacitor voltage 

Thus, v(t) = V s + [(A + Bt)e 3t ] where V s = 0 

But -10 + vr + v = 0 or vr = 10 -v 

Therefore v R = 10 - [(A + Bt)e' ] where A and B are determined from initial 
conditions. 



Chapter 8, Solution 63. 


v 5 - 0 r d(0-v o ) 
R dt 


Thus, 




dt 


-C 

d 2 i 

dt 2 


dv 0 

dt 


A 

RC 


d 2 i(t) _ v s 
dt 2 - ~ RCL 



Chapter 8, Solution 64. 

Using Fig. 8.109, design a problem to help other students to better understand second-order op 
amp circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Obtain the differential equation for v 0 (t) in the network of Fig. 8.109. 

C 



Figure 8.109 

Solution 


C 2 



Atnodel, (v s -vi)/Ri = Cid(vi-0)/dt or v s = vi + RiCidvi/dt (1) 

Atnode2, Cidvi/dt = (0 - v 0 )/R 2 + C 2 d(0 - v Q )/dt 

or -R 2 Cidvi/dt = v G + R 2 C 2 dv G /dt (2) 

From (1) and (2), (v s -Vi)/Ri = Ci dvi/dt = -(1/R 2 )(v 0 + R 2 C 2 dv 0 /dt) 


or 


V] = v s + (Ri/R 2 )(v 0 + R 2 C 2 dv Q /dt) 


(3) 




















Substituting (3) into (1) produces, 


v s = v s + (Ri/R 2 )(v 0 + R 2 C 2 dv 0 /dt) + RiCid{v s + (Ri/R 2 )(v 0 + R 2 C 2 dv Q /dt)}/dt 

= v s + (R 1 /R 2 )(v 0 )+ (RiC 2 )dv 0 /dt + RiCidv s /dt + (RiRiCi/R 2 )dv 0 /dt 

+ ((R 1 ) 2 C 1 C 2 )[d 2 Vo/dt 2 ] 

((RO 2 C!C 2 )[d 2 v 0 /dt 2 ] + [(R!C 2 ) + (RiRiC 1 /R 2 )]dv 0 /dt + (RORjXvo) =-RjCidVs/dt 
Simplifying we get, 

[d 2 v 0 /dt 2 ] + {[(RiC 2 ) + (RiR!Ci/R 2 )]/((R0 2 CiC 2 )}dv 0 /dt + {(ROR.Xvo)/ ((RO 2 
C!C 2 )} = -{RíCí /((RO 2 C!C 2 )}dv s /dt 

d 2 v„/dt 2 + [(1/RiCO + (l/(R 2 C 2 ))]dVo/dt + [1/(R 1 R 2 CiC 2 )](v 0 ) = -[l/(RiC 2 )]dv s /dt 

Another way to successfully work this problem is to give actual values of the resistors and 
capacitors and determine the actual differential equation. Altematively, one could give a 
differential equations and ask the other students to choose actual value of the differential 
equation. 



Chapter 8, Solution 65. 


At the input of the first op amp, 

(v o -0)/R = Cd(vi-O) (1) 

At the input of the second op amp, 

(-vi -0)/R = Cdv 2 /dt (2) 

Let us now examine our constraints. Since the input terminais are essentially at ground, 
then we have the following, 

Vo = -v 2 or v 2 = -v 0 (3) 

Combining (1), (2), and (3), eliminating vi and v 2 we get, 





100v o =0 


Which leads to s 2 - 100 = 0 


Clearly this produces roots of -10 and +10. 

And, we obtain, 

v 0 (t) = (Ae +10t + Be' 10t )V 

At t = 0, v o (0+) = -v 2 (0+) = 0 = A + B, thus B = -A 
This leads to v G (t) = (Ae +10t - Ae 10t )V. Now we can use vi(0+) = 2V. 
From (2), vi = -RCdv 2 /dt = 0.1dv o /dt = 0.1(10Ae +10t + 10Ae 10t ) 
v i (0+) = 2 = 0.1 (20A) = 2A or A = 1 
Thus, Vo(t) = (e +10t - e' 10t ) V 

It should be noted that this circuit is unstable (clearly one of the poles lies in the right- 
half-plane). 



Chapter 8, Solution 66. 


We apply nodal analysis to the circuit as shown below. 

v 2 



At node 1, 


v s -v 1 _v 1 -v 2 i r\ _i— d 


+ 10pF—(v.-v n ) 
60k 60k dt 1 0 


But v 2 = v 0 


v„ = 2vi — v„ +6x10 


-7 


d(v i -v 0 ) 
dt 


At node 2, 


Vi~v 2 ^ d 


60k =20pF dt (V -- 0) ' V - V “ 


Vj = v 0 +1.2x10 


-6 dv o 


dt 


Substituting (2) into (1) gives 


v s =2| 


v 0 +1.2x10 


-6 dv o 


dt 


- v G +6x10 


-7 


( 1 ) 


( 2 ) 


1.2x10 


-6 d / v f 


dt* 


v s = Vo + 2.4x1 <r 6 (dv„/dt) + 7.2xl0 _13 (d 2 v o /dt 2 ). 



Chapter 8, Solution 67 


At node 1, 


Vjn ~ V 1 _ c d ( v i~ v o) , c d(Vi -0) 

R! 1 dt 2 dt 


At node 2, 


C 


d(v!-0) 0- v 0 


dt 


R- 


or 


dv, 

dt 


~ V o 

C 2 R 2 


From (1) and (2), 


,-v^^-R^-RA 

m 1 C 2 R 2 dt 1 1 dt 1 R 2 


v i = v i„ + 


^ + r,cA + rA 

C 2 R 2 dt dt R 2 


( 1 ) 

( 2 ) 


(3) 


Cx 



From (2) and (3), 


Vo _ dv, _ dv in | R^ dv o | R c d 2 v o | R, dv 0 

lt 1 1 dt 2 R, dt 


c 2 r 2 

dt 

dt C 2 R 

d2v o , 

i r i 

, 1 Vv. 


dt z 


R, 


Cj C 


■ + ■ 


1 dv. 


2 J 


dt CjC.R.R! RjCj dt 


ButCiC 2 RiR 2 = 10 xlO xlOxlO 4 = 1 



f 




lc, + C 2 j 


2 

r^õ; 


2 

10 4 xl0~ 4 


= 2 



d 2 v dv dv„ 

A + 2—— + v„ = —- 


dF 


dt 


dt 


Which leads to s 2 + 2s + 1 = 0 or (s + l) 2 = 0 and s = -1, -1 
Therefore, v Q (t) = [(A + Bt)e _t ] + V f 
As t approaches infinity, the capacitor acts like an open circuit so that 

Vf = Vo(oo) = 0 

Vi n = lOu(t) mV and the fact that the initial voltages across each capacitor is 0 
means that v o (0) = 0 which leads to A = 0. 
v 0 (t) = [Btel 


From (2), 


5K = 

dt 

dv o (0+) 

dt 


[(B-Bt)el 

v o (0+) 


C 2 R 2 


= 0 


(4) 


From (1) at t = 0+, 


1-0 dv„(0+) which lead S ,o dv » (0+) 


R, 


dt 


dt 


CfRf 


= -l 


Substituting this into (4) gives B = -1 


Thus, 


v(t) = -te" l u(t) V 



Chapter 8, Solution 68. 

The schematic is as shown below. The unit step is modeled by VPWL as shown. We 
insert a voltage marker to display V after simulation. We set Print Step = 25 ms and 
final step = 6s in the transient box. The output plot is shown below. 








Chapter 8, Solution 69. 


The schematic is shown below. The initial values are set as attributes of LI and Cl. We 
set Print Step to 25 ms and the Final Time to 20s in the transient box. A current marker 
is inserted at the terminal of LI to automatically display i(t) after simulation. The result 
is shown below. 




0S 4s 8s 12s 1ÓS 20S 

□ I(L1) 

Tine 




Chapter 8, Solution 70. 


The schematic is shown below. 



After the circuit is saved and simulated, we obtain the capacitor voltage v(t) as shown 
below. 



































Chapter 8, Solution 71. 


The schematic is shown below. We use VPWL and IPWL to model the 39 u(t) V and 13 
u(t) A respectively. We set Print Step to 25 ms and Final Step to 4s in the Transient 
box. A voltage marker is inserted at the terminal of R2 to automatically produce the plot 
of v(t) after simulation. The result is shown below. 



T1=0 V1=0 

T2=0.01 V2=39 
T3=100 V3=39 


40U- 



0S 1.0S 2. Bs 3. Bs 4. Bs 

□ U(R2:1) 

Tine 
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When the switch is in position 1, we obtain IC=10 for the capacitor and IC=0 for the 
inductor. When the switch is in position 2, the schematic of the circuit is shown below. 



When the circuit is simulated, we obtain i(t) as shown below. 






























Chapter 8, Solution 73. 


Design a problem, using PSpice, to help other students to better understand source-free RLC 
circuits. 

Although there are many ways to work this problem, this is an example based on a somewhat 
similar problem worked in the third edition. 

Problem 


The step response of an RLC circuit is given by 



Given that i L ( 0) = 3 A and vc(0) = 24 V, solve for vc(t) and 7c(0- 


Solution 

(a) For t < 0, we have the schematic below. When this is saved and simulated, we obtain 
the initial inductor current and capacitor voltage as 


i L (0) = 3 A and v c (0) = 24 V. 


3.00ÜA 



RI 


LI 


+ VI 


30 


8 J> R2C1 0.25 




(b) For t > 0, we have the schematic shown below. To display i(t) and v(t), we insert 
current and voltage markers as shown. The initial inductor current and capacitor voltage are also 




















Chapter 8, Solution 74. 

The dual is constructed as shown below. 




Chapter 8, Solution 75. 


The dual circuit is connected as shown in Figure (a). It is redrawn in Figure (b). 



0.1 Q 



(b) 






Chapter 8, Solution 77. 

The dual is obtained from the original circuit as shown in Figure (a). It is redrawn in 
Figure (b). 



(a) 


0.05 a 



(b) 





Chapter 8, Solution 77. 


The dual is constructed in Figure (a) and redrawn in Figure (b). 



(b) 










Chapter 8, Solution 78. 

The voltage across the igniter is vr = vc since the circuit is a parallel RLC type. 

vc(0) = 12, and i L (0) = 0. 
a = 1/(2RC) = l/(2x3xl/30) = 5 

coo = 1 /VlC = 1/V60xl(T 3 xl/30 = 22.36 
a < C0o produces an underdamped response. 

si 2 = -a±^Ja 2 -co^ =-5±j21.794 

v c (t) = e' 5t (Acos21.794t + Bsin21.794t) (1) 

vc(0) = 12 = A 
dvc/dt = -5[(Acos21.794t + Bsin21.794t)e 5t ] 

+ 21.794[(-Asin21.794t + Bcos21.794t)e 5t ] (2) 

dv c (0)/dt = -5A + 21.794B 

But, dv c (0)/dt = -[v c (0) + RÍl(0)]/(RC) = -(12 + 0)/(l/10) = -120 

Hence, -120 = -5A + 21.794B, leads to B (5x12 - 120)/21.794 = -2.753 

At the peak value, dvc(t 0 )/dt = 0, i.e., 

0 = A + Btan21.794t 0 + (A21.794/5)tan21.794t 0 - 21.794B/5 
(B + A21.794/5)tan21.794t 0 = (21.794B/5) - A 
tan21.794t 0 = [(21.794B/5) - A]/(B + A21.794/5) = -24/49.55 = -0.484 
Therefore, 21.7945t 0 = 1-0.4511 


t 0 = 1-0.4511/21.794 = 20.68 ms 



Chapter 8, Solution 79. 


For criticai damping of a parallel RLC circuit, 


a = co 0 


Hence, 


1 _ 1 
2 RC jZc 


C = 


L 
4 R 2 


0.25 

4x144 


= 434 ^ 



Chapter 8, Solution 80. 


tl = 1/lsil = O.lxlO' 3 leadstosi = -1000/0.1 = -10,000 
t 2 = I/IS 2 I = 0.5x10 3 leadstosi = -2,000 

Sj = -a--yja 2 -co 2 
s 2 = -a + -yj a 2 — co 3 

Si +s 2 = -2a = -12,000, therefore a = 6,000 = R/(2L) 
L = R/12,000 = 50,000/12,000 = 4.167H 

s 2 =-a + -yJa 2 — co 2 =-2,000 

a-^/a 2 — co 2 = 2,000 

6,000 - ^/a 2 - co 2 = 2,000 

^a 2 - co 2 = 4,000 

a 2 - co 2 = 16xl0 6 

co 2 = a 2 - 16xl0 6 = 36xl0 6 - 16xl0 6 

C = 1/(20x10 6 x4.167) = 12 nF 



Chapter 8, Solution 81. 


But, 


t = l/a = 0.25 leads to a = 4 
a 1/(2RC) or, C = l/(2aR) = 1/(2x4x200) = 625 pF 

®d = -a 2 


co; =co^ +a 2 =(2tt4x10 3 ) 2 +16 = (2tt4x10 3 0 2 = 1/(LC) 
This results in L = 1/(647Tx10 6 x625x10' 6 ) = 2.533 pH 



Chapter 8, Solution 82. 


Fort = 0-, v(0) = 0. 
For t > 0, the circuit is as shown below. 



At node a, 


(v 0 - v/Ri = (v/R 2 ) + C 2 dv/dt 
v 0 = v(l +Ri/R 2 ) + RiC 2 dv/dt 
60 = (1+5/2.5)+ (5xl0 6 x5xl0' 6 )dv/dt 
60 = 3v + 25dv/dt 
v(t) = V s + [Ae' 3t/25 ] 

where 3V S = 60 yields V s = 20 

v(0) = 0 = 20 + A or A = -20 
v(t) = 20(1 - e' 3t/25 )V 



Chapter 8, Solution 83. 


i = i D + Cdv/dt (1) 

—v s + iR + Ldi/dt + v = 0 (2) 

Substituting (1) into (2), 

v s = Rio + RCdv/dt + Ldi D /dt + LCd 2 v/dt 2 + v = 0 
LCd 2 v/dt 2 + RCdv/dt + Ri d + Ldi i )/dt = v s 
d 2 v/dt 2 + (R/L)dv/dt + (R/LC)i D + (l/C)di D /dt = v s /LC 



Chapter 9, Solution 1. 


(a) V m = 50 V. 

O o 

(b) Period T = — = —— = 0.2094s = 209.4ms 

ú) 30 - 

(c ) Frequency f = (o/(2n) = 30/(2ji) = 4.775 H z . 

(d) At t=lms, v(0.01) = 50cos(30x0.01rad + 10°) 

= 50cos(1.72° + 10°) = 44.48 V and cot = 0.3 rad. 



Chapter 9, Solution 2. 


(a) 

amplitude = 15 A 

(b) 

co = 257t = 78.54 rad/s 


CO 

(c) 

f = — = 12.5Hz 

2n 

(d) 

I s = 15Z25°A 


I s (2ms) = 15cos((500^)(2 x 10 3 ) + 25°) 

= 15 cos(tc + 25°) = 15 cos(205°) 

= -13.595 A 



Chapter 9, Solution 3. 


(a) 10 sin(cot + 30°) = 10 cos(cot + 30° - 90°) = 10cos(©t - 60°) 

(b) -9 sin(8t) = 9cos(8t + 90°) 

(c) -20 sin(cot + 45°) = 20 cos(cot + 45° + 90°) = 20cos(cot + 135°) 


(a) 10cos((ot - 60°), (b) 9cos(8t + 90°), (c) 20cos(cot + 135°) 



Chapter 9, Solution 4. 

Design a problem to help other students to better understand sinusoids. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

(a) Express v = 8 cos(7f + 15°) in sine form. 

(b) Convert i = -10sin(3? - 85°) to cosine form. 

Solution 

(a) v = 8 cos(7t + 15°) = 8 sin(7t + 15° + 90°) = 8 sin(7t + 105°) 

(b) i = -10 sin(3t - 85°) = 10 cos(3t - 85° + 90°) = 10 cos(3t + 5 o ) 



Chapter 9, Solution 5. 


vi = 45 sin(<z>f + 30°) V = 45 cos (cot + 30° - 90°) = 45 cos (a>t - 60°) V 
V 2 = 50 cos (cot - 30°) V 


This indicates that the phase angle between the two signals is 30° and that vi lags 

v 2 . 



Chapter 9, Solution 6. 


(a) v(t) = 10 cos(4t - 60°) 

i(t) = 4 sin(4t + 50°) = 4 cos(4t + 50° - 90°) = 4 cos(4t - 40°) 
Thus, i(t) leads v(t) by 20°. 

(b) vi(t) = 4 cos(377t + 10°) 

v 2 (t) = -20 cos(377t) = 20 cos(377t + 180°) 

Thus, v 2 (t) leads vi(t) by 170°. 

(c) x(t) = 13 cos(2t) + 5 sin(2t) = 13 cos(2t) + 5 cos(2t - 90°) 

X = 13Z0° + 5Z-90° = 13 — j5 = 13.928Z-21.04 0 

x(t) = 13.928 cos(2t-21.04°) 

y(t) = 15 cos(2t - 11.8°) 

phase difference = -11.8° + 21.04° = 9.24° 

Thus, y(t) leads x(t) by 9.24°. 



Chapter 9, Solution 7. 


If f(cj)) = cos(j) + j sincj), 
df 

— = -sincj) + jcos cj) = j (coscj) + j sin cj)) = jf (cj)) 
dtp 



Integrating both sides 
ln f = j4> + ln A 
f = Ae^ = coscj) + j sincj) 
f(0) = A = 1 

i.e. f(<j>) = e j<|) = coscj) + j sincj) 



Chapter 9, Solution 8. 


60Z45° 

--^ j2 

12.5Z-53.13 0 

4.8Z98.13 0 + j2 = -0.6788+j4.752+j2 

-0.6788 + j6.752 

(b) (6-j8)(4+j2) =24-j32+j 12+16 = 40-j20 = 44.72Z-26.57 0 

32Z - 20° 20 _ 32Z - 20° 20 

(6-j8)(4 + j2) + -10 + j24 ~ 44.72Z - 26.57° + 26Z112.62° 

= 0.7156Z6.57°+0.7692Z-112.62° = 0.7109+j0.08188-0.2958-j0.71 

= 0.4151-j0.6281 

(c) 20 + (16Z-50°)(13Z67.38°) = 20+208Z17.38 0 = 20 + 198.5+j62.13 

= 218.5+j62.13 




Chapter 9, Solution 9. 


(5Z30°)(6 - j8 +1.1197 + j0.7392) = (5Z30°)(7.13 - j7.261) 
= (5Z30°)(10.176Z - 45.52°) = 


(10Z60°)(35Z - 50°) 
(-3 + j5) = (5.83Z120.96 0 ) 


50.88Z-15.52°. 
60.02Z-110.96°. 



Chapter 9, Solution 10. 


Design a problem to help other students to better understand phasors. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Given that zi = 6 - /8, Z 2 = 10Z-30 , and Z 3 = Se~ jno , fmd: 

(a) Zl +Z2 +Z 3 

(b) Z 1 Z 2 / Z3 


Solution 

(a) Zi=6-j8, z 2 = 8.66 - j5, and z 3 =-4 - j'6.9282 

Zj +z 2 +z 3 = (10.66 - jl9.928)Q 

(b) [(10Z-53.13°)(10Z-30°)/(8Z-120 o )] = 12.5Z36.87°Q = (10 + j7.5) O 

Z 3 



Chapter 9, Solution 11. 

(a) V = 21 <-15° V 

(b) i(t) = 8sin(10í + 70° +180°) = 8cos(10í + 70° +180° -90°) = 8cos(10f + 160°) 

I = 8zl60° mA 

(c ) v(í) = 120sin(10 3 í-50°) = 120cos(10 3 r-50° -90°) 

V = 120Z-140 0 V 

(d) i{t) = -60 cos(30r +10 o ) = 60 cos(30í +10 o +180°) 

I = 60Z-170 0 mA 



Chapter 9, Solution 12. 

Let X = 4Z40° and Y = 20Z-30 0 . Evaluate the foliowing quantities and express 
your results in polar form. 

(X + Y)/X* 

(X - Y)* 

(X + Y)/X 


X = 3.064+j2.571; Y = 17.321-jlO 


(a) 


(X + Y)X* = 


(20.38 -/7.429)(4Z- 40°) 

= (21.69Z - 20.03°)(4Z - 40°) = 86.76Z - 60.03° 

= 86.76Z-60.03° 


(b) (X - Y)* = (-14.257+j 12.571)* = 19.41Z-139.63° 


(c) (X + Y)/X = (21.69Z-20.03°)/(4Z40°) = 5.422Z-60.03° 



Chapter 9, Solution 13. 


(a) (-0.4324 + y0.4054>f (-0.8425 - yO.2534) = -1.2749 + ,/0.1520 

50Z -30° 

(b) = - 2.0833 = -2.083 

24Z150 0 - 

(c) (2+j3)(8-j5) -(-4) = 35 +jl4 



Chapter 9, Solution 14. 


(a) 3 j14 = 14 - 318Z 77 - 91 = o.7788Z169.71° = -0.7663+ j0.13912 

-7 + jl7 18.385Z112.38 0 --- 


(b) 


(62.116 + j'231.82 +138.56 - j'80)(60 - j'80) 
(67 + j84)(16.96 + jlO.5983) 


24186-6944.9 
246.06 + j’2134.7 


-1.922- jl 1.55 


rlOHf 1201“ ,- 

(c) h^jrl V(io+;s)(i6-;20) 

= [(22.36Z63.43°)/(5Z53.13°)] 2 [(11.18Z26.57°)(25.61Z-5 1.34 o )] 0 ' 5 
= [4.472Z10.3°] 2 [286.3Z-24.77°] 0 ' 5 = (19.999Z20.6°)(16.921Z-12.38°) = 338.4Z8.22 0 


or 334.9+j48.38 










Chapter 9, Solution 15. 


10+ j6 2 — j3 

(a) _ 5 _ = -10 - j6 + jlO - 6 + 10 - jl5 

= -6-jll 


(b) 


20Z-30 0 - 4Z -10° 

16Z0° 3Z45° 

= 57.96 +jl5.529 +63.03-jll.114 

= 120.99+j4.415 


= 60Z15 0 + 64Z-10 0 


i-j -j o 
j 1 - j 

(c) . 1 j 1 + .U 

1-j -j 0 
j 1 -j „ 

k ia. 


= 1 +1 + 0 -1 - 0 + j 2 (1 - j) + j 2 (1 + j) 


= 1-1(1-j+l+j) 
= 1 - 2 = -1 



Chapter 9, Solution 16. 


(a) -20 cos(4t + 135°) = 20 cos(4t + 135° - 180°) 

= 20 cos(4t - 45°) 

The phasor form is 20Z-45 0 

(b) 8 sin(20t + 30°) = 8 cos(20t + 30° - 90°) 

= 8 cos(20t - 60°) 

The phasor form is 8Z-60 0 

(c) 20 cos(2t) + 15 sin(2t) = 20 cos(2t) + 15 cos(2t - 90°) 

The phasor form is 20Z0° + 15Z-90 0 = 20 - jl5 = 25Z-36.87 0 



Chapter 9, Solution 17. 

v = Vy + V 2 = 10 < -60° +12 < 30° = 5 - j 8.66 +10.392 + ,/6 = 15.62 < -9.805° 

v(t) = 15.62cos(50t-9.8°) V 



Chapter 9, Solution 18. 

(a) 

v,(t) = 60 cos(t + 15°) 

(b) 

y 2 = 6+j8 = 10Z53.13 0 
v 2 (t) = 10 cos(40t + 53.13°) 

(c) 

ij(t) = 2.8 cos(377t - n/3) 

(d) 

I 2 = -0.5 — j 1.2 = 1.3Z247.4' 
i 2 (t) = 1.3 cos(10 3 t + 247.4°) 



Chapter 9, Solution 19. 


(a) 3Z10° - 5Z-30° = 2.954 + j0.5209 - 4.33 + j2.5 

= -1.376 +j3.021 
= 3.32Z114.49° 

Therefore, 3 cos(20t + 10°) - 5 cos(20t - 30°) 

= 3.32 cos(20t + 114.49°) 

(b) 40Z-90 0 + 30Z-45° = -j40 + 21.21 - j21.21 

= 21.21 - j61.21 
= 64.78Z-70.89 0 

Therefore, 40 sin(50t) + 30 cos(50t - 45°) = 64.78 cos(50t - 70.89°) 

(c) Using sina = cos(a - 90°), 

20Z-90 0 + 10Z60° - 5Z-110 0 = -j20 + 5 +j8.66 + 1.7101 +j4.699 

= 6.7101 - J6.641 
= 9.44Z-44.7 0 

Therefore, 20 sin(400t) + 10 cos(400t + 60°) - 5 sin(400t - 20°) 

= 9.44 cos(400t - 44.7°) 



Chapter 9, Solution 20. 

7.5cos(10t+30°) A can be represented by 7.5Z30° and 120cos(10t+75°) V can 
represented by 120Z75°. Thus, 

Z = V/I = (120Z75°)/(7.5Z30°) = 16Z45° or (11.314+j 11.314) O. 



Chapter 9, Solution 21. 


(a) F = 5Z15 0 - 4Z -30° -90° = 6.8296 + ,/4.758 = 8.3236Z34.86 0 

f(t) = 8.324 cos(30f + 34.86 a ) 

(b) G = 8Z -90" + 4Z50" = 2.571- j4.9358 = 5.565Z- 62.49° 

g(t) = 5.565cos(7 - 62.49°) 

(c) H = — (l0Z0° + 50Z -90° 1 co = 40 

jco 

i.e. H = 0.25Z - 90° + 1.25Z -180° = -j0.25 -1.25 = 1.2748Z -168.69° 

h(t) = 1.2748cos(40t - 168.69°) 



Chapter 9, Solution 22. 


Let f(t)=10v(0 + 4 — 
clt 

2V 

F = 10V + jooAV -, 

jco 

F = 10V + j20V + j0.4V=(10 + j'20.4)V = 22.72Z63.89°(55Z45°) = 1249.6Z108.89" 

f(t) = 1249.6cos(5t+108.89°) 


- 21 v(t)dt 

-oo 

a = 5, V = 55Z45" 



Chapter 9, Solution 23. 


(a) v = [110sin(20t+30°) + 220cos(20t-90°)] V leads to V = 110Z(30°-90°) + 
220Z-90 0 = 55-j95.26 - j220 = 55-j315.3 = 320.lZ-80.il 0 or 

v = 320.lcos(20t-80.11 °) A. 

(b) i = [30cos(5t+60°)-20sin(5t+60 0 )] A leads to I = 30Z60° - 20Z(60°-90°) 
15+J25.98 - (17.321—j 10) = -2.32l+j35.98 = 36.05Z93.69° or 

i = 36.05cos(5t+93.69°) A. 

(a) 320.1cos(20t-80.11°) A, (b) 36.05cos(5t+93.69°) A 



Chapter 9, Solution 24. 

(a) 

y 

V + — = 10Z0°, (0 = 1 


JCO 


o 

ll 

l 

> 


10 

v = -—: = 5 + j5 = 7.071Z45 0 

1-J 

Therefore, 

v(t) = 7.071cos(t + 45°) V 

(b) 

4V 

jcoV + 5V + — — = 20Z(10° - 90°), co=4 

JCO 


í 

y j4 + 5 + tt = 20Z - 80° 
y j4 J 


20Z - 80° 

V = - ; — = 3.43Z -110.96° 

5 + j3 

Therefore, 

v(t) = 3.43cos(4t - 110.96°) V 



Chapter 9, Solution 25. 


(a) 


2jcoI + 3I = 4Z45°, co = 
1(3 + ]4) = 4Z45° 

4Z45 0 _ 4Z45 0 
“ 3 + j4 “ 5Z53.13 0 " 


2 


0.8Z-8.13 0 


Therefore, i(t) = 800cos(2t - 8.13°) mA 


(b) 


I 

10—+ jcoI + 6I = 5Z22°, co = 5 
jco 

(-j2 + j5 + 6) I = 5Z22° 


5Z22° 
6 + J3 


5Z22° 

6.708Z26.56 0 


0.745Z - 4.56° 


Therefore, i(t) = 745 cos(5t - 4.56°) mA 



Chapter 9, Solution 26. 


I 

jcol + 21 + — = 1Z0°, co = 2 
jco 


I 


j2 + 2+ . 


1 


jV 


= 1 


1 


I = ——- = 0.4Z- 36.87° 

2 + jl.5 

Therefore, i(t) = 0.4 cos(2t - 36.87°) 



Chapter 9, Solution 27. 


jcoV + 50V +100— = 110Z -10°, 
jco 


j377 + 50- 


jlOO 


= 110Z-10° 


377 7 

V (380.6Z82.45 0 ) = 110Z -10° 

V = 0.289Z-92.45° 


co = 377 


Therefore, v(t) = 289 cos(377t - 92.45°) mV. 



Chapter 9, Solution 28. 


i(t) = 


V,fr) 


156cos(377f+ 45°) 
15 


= 10.4cos(377t+45°) A. 



Chapter 9, Solution 29. 


Therefore 


Z = - = -7-7— = - j 0.5 

jcoC j(10 6 )(2 x 10~ 6 ) J 

= IZ = (4Z25°)(0.5Z - 90°) = 2Z - 65° 

v(t) = 2 sin(10 6 t - 65°) V. 



Chapter 9, Solution 30. 


Since R and C are in parallel, they have the same voltage across them. For the resistor, 

V = I r R -> I R =V/R = 100< 20 = 2.5 < 20° mA 

* s 40 k 

i R = 2.5 cos(60r + 20°) mA 
For the capacitor, 

/ c =C —= 50.rl0 6 (-60)xl00sin(60í + 20 o ) = -300sin(60í + 20°) mA 
clt - 



Chapter 9, Solution 31. 


L - 240mH -» jcoL = ]2x24{)x \0 3 = j’0.48 

C = 5mF -> ~^— = ---- = -j’100 

jcoC j2x5x\Q 3 

Z = 80 + j'0.48 - jlOO = 80 - j99.52 = 

V 10<0° 

I = — = —— = 0.0783 < 51.206° 

Z 80-799.52 

i(t) = 78.3cos(2t+51.21°) mA 



Chapter 9, Solution 32. 

Using Fig. 9.40, design a problem to help other students to better understand phasor relationships 
for circuit elements. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Two elements are connected in series as shown in Fig. 9.40. 

If i = 12 cos (2 1 - 30°) A, find the element values. 


/ 



Figure 9.40 


Solution 


V = 180Z10 0 , I = 12Z-30 0 , 


V 180Z10 0 


z = 


- = —-— = 15Z40° = 11.49 + j9.642 Q 

I 12Z - 30 J 


One element is a resistor with R = 11.49 Q. 

The other element is an inductor with coL = 9.642 or 


L = 4.821 H. 















Chapter 9, Solution 33. 


H0=Vv»+Vl 
V L=VllO 2 - V » 

v L = VllO 2 -85 2 = 69.82 V 



Chapter 9, Solution 34. 


= 0 when jX L -jX c = 0 so X L = Xc or coL = 


coC 


CO = 


Vlc ' 


CO = 


= = 100 rad/s 

V(5x10“ 3 )(20x10“ 3 ) 



Chapter 9, Solution 35. 


v,(í) = 50cos200f - > V s =50<0°,co = 200 


5mF - > -=-- = —j 

jcoC j200x5x10 3 

20 mH - > jcoL = j20x\0 i x200 = jA 


Z in =10-j + jA = 10 + j3 


1 = 



50 <0° 
10 + j'3 


= 4.789 <-16.7° 


i(t) = 4.789cos(200t-16.7°) A 



Chapter 9, Solution 36. 


Using Fig. 9.43, design a problem to help other students to better understand impedance. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

In the circuit in Fig. 9.43, determine i. Let v* = 60 cos(200t - 10°) V. 


lÜpmH 

w- 



I kíi 


Figure 9.43 

Solution 

Let Z be the input impedance at the source. 

100 mH -> jcoL = j 200x100x10 3 = j’20 

10//F -> —=- l — -= -j500 

jcoC jlOHO 6 x200 

1000//-j500 = 200 -j400 
1000//(j20 + 200 -j400) = 242.62 -j239.84 

Z = 2242.62 - j'239.84 = 2255Z - 6.104° 

I = — 60Z ~ 10 - = 26.61Z-3.896° mA 

2255Z -6.104° 

i = 266.1cos(200í - 3.896° )mA 



















Chapter 9, Solution 37. 


Y = (1/4) + (1/08)) + (l/(-jlO)) = 0.25 - j0.025 

= (250-J25) mS 



Chapter 9, Solution 38. 


Using Fig. 9.45, design a problem to help other students to better understand admittance. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find i(t) and v(t) in each of the circuits of Fig. 9.45. 




Figure 9.45 


Solution 


-F -> -=-= -j2 

6 jcoC j (3)(1 / 6) 

- j2 

I = (10Z45°) = 4.472Z -18.43° 

4- j2 

Hence, i(t) = 4.472 cos(3t - 18.43?) A 

V = 41 = (4)(4.472Z -18.43°) = 17.89Z -18.43° 
Hence, v(t) = 17.89 cos(3t - 18.43?) V 

J_ _J_ 1 

l2 F > j^ = j(4)(l/12) = ' j3 



















3 H 


> j(oL = j(4)(3) = jl2 


1 = 


V 

Z 


50Z0° 

-—— = 10Z36.87° 
4 — j3 


Hence, i(t) = 10 cos(4t + 36.87?) A 


V = - J — (50Z0°) = 41.6Z33.69 0 

8 + J12 

Hence, v(t) = 41.6 cos(4t + 33.69?) V 



Chapter 9, Solution 39. 

Z eq =4+ j'20 + 10//(-jl4 + 725) = 9.135 + ,/27.47 Q 

= (9.135+j27.47) O 

/ = — =-—-= 0.4145 < -71.605° 

Z eí 9.135 + j'27.47 

i(t) = 414.5cos(10t-71.6°) mA 



Chapter 9, Solution 40. 


(a) For co = 1, 

1H -> jcoL = j(l)(l) = j 

1 1 

0.05 F - 


jcoC j(l)(0.05) 
j40 


= -j20 


Z = j + 2II (-j20) = j + = 1.98 + j0.802 


y 

i = —= 


4Z0° 


4Z0° 


— 1 879 / 99 OS° 

" Z 1.98 + jO.802 2.136Z22.05 0 ' " ' 

Hence, 

i (t) = 1.872 cos(t - 22.05°) A 


(b) For co = 5 , 

1H -> jcoL = j(5)(l) = j5 

1 1 

0.05 F - 


jcoC j (5)(0.05) 
-j4 


= -j4 


Z = j5 + 2 II (-j4) = j5 + = 1.6 + J4.2 


V 4Z0° 
I = —= ■ 


4Z0 C 


- = 0.89Z-69.14° 

“ Z 1.6+ j4 4.494Z69.14 0 

Hence, 

i D (t) = 890cos(5t - 69.14°) mA 


(c) For co= 10, 

1H -> jcoL = j(10)(l) = jlO 

1 1 

0.05 F - 


jcoC j (10X0.05) 
j4 


= -j2 


Z = jlO + 211 (-j2) = jlO + 2TTj2 = 1 + j9 


V 4Z0° 4Z0° 

°~Z~ 1 + j9 “ 9.055Z83.66 0 
Hence, 


= 0.4417Z- 83.66 c 


i 0 (t) = 441.7cos(10t - 83.66°) mA 



Chapter 9, Solution 41. 


co = 1, 


1H 

1F 


-> jcoL = j(l)(l) = j 
1 1 

* j^C = j (1)(1)“ ' 


z = 1+(1+j) II (-j) = 1+ 


-j+1 

1 


2-j 


Thus, 



I c =(1+j)I 


V = (-j)(l + j) I = (1 - j) I = 


(1-j)(10) 
2-j 


6.325Z-18.43° 


v(t) = 6.325cos(t - 18.43°) V 



Chapter 9, Solution 42. 


co = 200 


50 pF 


0.1 H 


jcoC j (200)(50xl0 6 ) 
jcoL = j(200)(0.1) = j20 


^ = -i 100 


(50)(-j 100) -jlOO 

50 li -j 100 = / , ’ = = 40 - j20 

J 50- j 100 1 - j2 J 


j20 j20 

V 0 = ——— (60Z0°) = (60Z0°) = 17.14Z90 C 
0 J20 + 30 + 40-j20 70 


v„(t) = 17.14 sin(200t + 90°) V 


v (t) = 17.14 cos(200t) V 



Chapter 9, Solution 43. 


Z. =50 + j'80//(100-j'40) = 50+ • /8Q(1QQ j40) =105,71 + j57.93 

100 + j'40 

I ,= -= 0.4377-0.2411 = 0.4997 <-28.85° A = 499.7Z-28.85° mA 

Z,„ - 



Chapter 9, Solution 44. 


co = 200 


10 mH -> jcoL = j(200)(10x 10" 3 ) = j2 

1 1 


5mF 


jcoC j(200)(5 x 10" 3 ) 


-J 


111 3+j 

Y = — + — + -—: = 0.25 - j0.5 + = 0.55 - j0.4 

4 j2 3-j J 10 J 


1 


1 


Y 0.55-j0.4 


= 1.1892 +j0.865 


6Z0° 


6Z0 C 


5 + Z 6.1892 + j0.865 


= 0.96Z-7.956 C 


Thus, 


i(t) = 960cos(200t - 7.956°) mA 



Chapter 9, Solution 45. 


We obtain I 0 by applying the principie of current division twice. 


I h h Io 






Chapter 9, Solution 46. 


Let 


i s =5cos(10t + 40°) - > I S =5Z40° 


0.1 F 


_L _ 1 

j^c'j (10X0.1) 


0.2 H - > jo)L = j(10)(0.2) = j2 


Z, 


= 4II j2 = 


J8 

4+j2 


= 0.8 + jl.6, 


Z 2 - 3- j 


I = 


Z, 


z, +z. 


0.8 +jl.6 

I = . - , (5Z40°) 


I = 


3.8 +jO.6 
(1.789Z63.43°)(5Z40°) 
3.847Z8.97 0 


= 2.325Z94.46 0 


Thus, 


i 0 (t) = 2.325cos(10t + 94.46°) A 



Chapter 9, Solution 47. 


First, we convert the circuit into the frequency domain. 



20 a 


i 


X 


_5_ 5 5 

2 | - jl0(20 + j4) “ 2 + 4.588-j8.626 “ 10.854Z-52.63° 
- j!0 + 20 + j4 


i s (t) = 460.7cos(2000t +52.63°) mA 


= 0.4607Z52.63 0 




Chapter 9, Solution 48. 


Converting the circuit to the frequency domain, we get: 


10 Q Vj 30 Q 



We can solve this using nodal analysis. 

V 1 - 20Z - 40° Fj-0 Fj-0 


- + - 




= 0 


10 y20 30-720 

FjíO.l - 70.05 + 0.02307 + 70.01538) = 2Z - 40° 
2Z40° 


V 1 = 


0.12307-70.03462 


= 15.643Z - 24.29° 


15.643Z-24.29° =04338Z94 Q 
* 30-720 

i x = 0.4338 sin(100í + 9.4°) A 




Chapter 9, Solution 49. 


(j2)(l — j) 

Z T = 2 + j2 II (1 — j) = 2 + VJ A , J = 4 


I Ix 1Q 



1+j 1+j 

v =IZ T =—-(4) = —- = l-j = 1.414Z-45° 
j4 j 


v, (t) = 1.4142 sin(200t - 45°) V 



Chapter 9, Solution 50. 


Since co = 100, the inductor = j 100x0.1 = j 10 Q and the capacitor = l/(j 100x10' 3 ) 

= -jion. 


jio i x 



Using the current dividing rule: 

I =--5Z40 o = -/2.5Z40° = 2.5Z-50° 

1 - j’10 + 20 + jlO 

V x =201 x =50Z-50° 


v x (t) = 50cos(100t-50°) V 



Chapter 9, Solution 51. 


0.1 F 
0.5 H 


1 1 
* j^C = j(2)(0.1) 

-» jcoL = j (2)(0.5) = j 


The current I through the 2-Q resistor is 

I = —J— —I, = -^-, where I = — Z0° = 5 

1-j5 + j + 2 3 — j4 2 

I s = (5)(3 - j4) = 25Z - 53.13° 

Therefore, 

i s (t)= 25cos(2t - 53.13°) A 



Chapter 9, Solution 52. 


We begin by simplifying the circuit. First we replace the parallel inductor and resistor 
with their series equivalent. 

j25 j5 

5 II j5 = = 2.5 + j2.5 

5 + j5 1 + j 

Next let Z, = 10, and Z 2 = - j5 + 2.5 + j2.5 = 2.5 - /2.5. 



Z, 10 4 

By curren. division I = , /+y l = = 5 


Since V 0 = I 2 (2.5 + j2.5) we can now find I s . 


4 10(1 +j) 

8Z30°= — I s (2.5)(l +j) = ——-—I s 
v5-jy 5 - j 


(8Z30°)(5-j) 

Is = 10(1 +j) = 2M4Z ~ 2631 ° A 





Chapter 9, Solution 53. 


Convert the delta to wye subnetwork as shown below. 




I 






Chapter 9, Solution 54. 


Since the left portion of the circuit is twice as large as the right portion, the 
equivalent circuit is shown below. 



V 1 =I 0 (l-j) = 2(l-j) 

V 2 =2V, = 4(1 —j) 

V 2 + V s + V 1 = 0or 

V s =-V| -V 2 =-6(l-j) = (6Z180°)(1.4142Z-45°) 

V s = 8.485Z135 0 V 






Chapter 9, Solution 55. 


12 Q 


I li 


I 2 = 


I i (Z + j8) (-j0.5)(Z + j8) Z 



J4 


j4 


8 


+ J 


I - li +1 2 - -j0.5 + g + j - g + j0.5 

- j20 = 121 + 1, (Z + j8) 

A j 


-j20 = 12 


* + l 

V 8 2) 


4-j26 = Z 
, -4-j26 


+ y(Z + j8) 


J: 


3 .1 

\ 2 ~' ] 2 ) 

26.31Z261.25 0 
1 “ 1.5811Z-18.43' 


= 16.64Z279.68 C 


j8Q 


Z = (2.798-jl6.403)Q 





Chapter 9, Solution 56. 


50 juF 
60mH 


■> ~^— = - 1 - t = -j’53.05 

jo)C j377.x50.xl0~ 6 

-> jcoL = j377.x60.d0 3 = j22.62 


Z,, =12-j53.05 + j'22.62//40 = 21.692-j35.91Q 



Chapter 9, Solution 57. 


2H 

(N 

II 

1F - 

1 

- > • ^ = J 

J®C 


Z = 1 + j2//(2 — j) = 1 + ]2{2 ^ = 2.6 + jl.2 

j2 + 2 — j 

y = ^/ = 0.3171 -yo.1463 S 



Chapter 9, Solution 58. 


Using Fig. 9.65, design a problem to help other students to better understand impedance 
combinations. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


At co = 50 rad/s, determine Z in for each of the circuits in Fig. 9.65. 


10 mH 10mF 



1 Í1 


10 íl 0.4 II 



Figure 9.65 


Solution 


(a) 


10 mF 
10 mH 


_L _ 1 _ 

* jcõc “ j(50)(10xl0' 3 ) ~' ]2 
-> jcoL = j(50)(10x 10' 3 ) = j0.5 


Z in = jO.5 + 1 II (1 - j2) 

1 — j2 

Z = Í0.5 +-— 

m J 2 —j2 

Z in = j0.5 + 0.25 (3 - j) 

Z m = 0.75 + j0.25 Q 




















(b) 


0.4 H 
0.2 H 

lmF 


-> jcoL = j(50)(0.4) = j20 
-> jcoL = j(50)(0.2) = jl0 
1 1 

* j^C'j(50)(lxl0 3 )" j2 ° 


For the parallel elements, 

1111 

Z 7 = 2 Õ + jIÕ + ^j2Õ 

Z p =10 + jl0 

Then, 

Z m = 10 + j20 +Z p = 20+j30Q 



1 


Chapter 9, Solution 59. 


0.25F 
0.5 H 


1 _ 1 
jcoC jl0.x:0.25 


-jOA 


> jooL = jl0.x:0.5 = j 5 


z in = j5 


(5 - j0.4) = 


(5Z90°)(5.016Z - 4.57°) 
6.794Z42.61 0 


= 3.691Z42.82 C 


= (2.707+j2.509) íl. 



Chapter 9, Solution 60. 


Z = (25 + j\ 5) + (20 - ,/50) //(30 + ylO) = 25 + j!5 + 26.097 - j5.122 

Z = (51.1+j9.878) O 



Chapter 9, Solution 61. 

All of the impedances are in parallel. 

11111 
Z^ = TA + ÍA2 + j5 + ÍTj3 

A- = (0.5 + j0,5) + (0.2 - j0.4) + (-J0.2) + (0.1 - jO.3) = 0.8 - j0.4 

eq 

1 

Z = — = (1 + j0.5) Q 

eq 0.8- j0.4 



Chapter 9, Solution 62. 


2 mH -> jcoL = j(10x 10 3 )(2 x 10‘ 3 ) = j20 

lyiF > jcoC _ j (10 x 10 3 )(1 x 10 6 ) _ 'j 100 

50 Q j20 Q 



-jlOO Q 


V = (1Z0°)(50) = 50 

V m = (1Z0°)(50 + j20 - jlOO) + (2)(50) 
V in = 50 - j80 +100 = 150 - j80 

Z n = T%= 150 -j 80Q 



Chapter 9, Solution 63. 


First, replace the wye composed of the 20-ohm, 10-ohm, and jl5-ohm impedances with 
the corresponding delta. 


200 +jl50 + j300 

Zi =-----= 20 + j45 

1 10 

200 + j450 200 + j450 

z 2 =-= 30 - jl3.333, zt. = -= 10 + j22.5 

2 jl5 ^20 


8 Q -J 12 ^ -J 16 ^ 



Now all we need to do is to combine impedances. 

I _ jl6) = (30-jl3.333)( 1 Q- jl 6) = _ 

" 40-j29.33 

z 3 ||(10-jl6) = 21.70 -j3.821 

Z x = 8 - jl2 + z : 11(8.721 — j8.938 + 21.7 - j3.821) = 34.69 - j6.93Q 



Chapter 9, Solution 64. 


Z T =4+ - Í1Qt6 + - Í8) = 19 - j5Q 

6 —j2 - 

30Z90° 

I =-= -0.3866 + jl.4767 = 1.527Z104.7 0 A 


Z T = (19—j5) O 
I = 1.527Z104.7 0 A 



Chapter 9, Solution 65. 


Z T = 2 + (4 - j6) II (3 + j4) 

(4-J6X3.J4) 

T 7-j2 

Z T = 6.83 + jl.094 Q = 6.917Z9.1°Q 


V 120Z10 0 

1 = — =-= 

Z T 6.917Z9.1 0 


17.35Z0.9 0 A 



Chapter 9, Solution 66. 


Z T 

Z T 


= (20 - j5) II (40 + jlO) = 


(20-j5)(40 +jlO) 


60 + j5 

14.069-jl.l72Q = 14.118Z-4.76 0 


170 

145 


1 = 



60Z90° 
14.118Z - 4.76° 


4.25Z94.76 0 


I 



40 + jlO 8 + j2 

60+ j5 I_ 12 +j 1 

20 — j5 4-j 

-—1 =--I 

60 + j5 12 +j 



= -201, + jlOI 2 
-(160 +j40) 10 + j40 

12 +j I+ 12 +j 1 

_ -150 _ (-12 + j)(150) 

12 + j 145 

= (12.457Z175.24°)(4.25Z97.76°) 
= 52.94Z273 0 V 


( 12 - 



Chapter 9, Solution 67. 


(a) 20 mH 


—> jcoL = j (10 3 )(20 x 10' 3 ) = j20 
12.5 nF > j^C = j(10 3 )(12.5 xlO 6 ) = “ j8 ° 


Z in = 60+ j20 II (60 — j80) 

Z = 60 + (j 20 )( 60 -j 80 ) 

m 60 - j60 

Z in = 63.33 + j23.33 = 67.494Z20.22 0 


1 

Y in = — = 14.8Z-20.22 0 mS 

£j • 


(b) 10 mH 

20 pF 


-> jcoL = j(10 3 )(10x IO -3 ) = jlO 
1 1 

> jcõC “ j(10 3 )(20xl0- 6 ) ~"' Í50 


30II 60 = 20 


Z in = -j50 + 20II (40 + jlO) 


(20)(40 +jlO) 

Z in = - j50 + + =-j50 + 20(41.231zl4.036 o )/(60.828z9.462°) 


= —j50 + (13.5566z4.574° = —j50 + 13.51342 +j 1.08109 


= 13.51342 -j48.9189 = 50.751z-74.56° 

Z in = 13.5 - j48.92 = 50.75Z - 74.56° 

1 

Y in = —= 19.704Z74.56 0 mS = 5.246+jl8.993 mS 

Zj • 



Chapter 9, Solution 68. 


1 1 1 

Y =-+-+- 

eq 5 — j2 3 + j - j4 

Y eq = (0.1724 + j0.069) + (0.3 - j0.1) + (j0.25) 

Y eq = (472.4 +J219) mS 



Chapter 9, Solution 69. 


1111 
^-4 + 7]i~4 <l + >2) 


4 (4)(l-j2) 

Y =-= ——— = 0.8-jl.6 

° 1 + j2 5 J 


Y 0 + j = 0.8-j0.6 


111 1 
y/ = T + 7 j3 + 0.8-j0.6 
1 


= (1) + (j0.333) + (0.8 + j0.6) 


= 1.8 + j0.933 = 2.028Z27.41 0 


Y 0 = 0.4932Z - 27.41° = 0.4378 - j0.2271 


Y o + j5 = 0.4378+ j4.773 


J__I 1 

yT“ 2 + 0.4378 + j4.773 


= 0.5 + 


0.4378-j4.773 
22.97 


= 0.5191-j0.2078 


eq 


0.5191-j0.2078 

Y.,„ =--= (1.661 + j0.6647) S 


eq 


0.3126 



Chapter 9, Solution 70. 


Make a delta-to-wye transformation as shown in the figure below. 



(-j!0)(10 + jl5) (10)(15 — jlO) 


i bn 


Z „ = 


5-jl0 + 10 + jl5 
(5)(10+jl5) 

15 + j5 
(5)(-jl0) 

15 + j5 


15 + j5 
= 4.5 + j3.5 


= 7-j9 


= -l-j3 


Z e, 

Z e q 


z 

z 

z 


eq 


eq 

eq 


Z an + (Z bn + 2) II (Z cn + 8 - j5) 
7 - j9 + (6.5 + j3.5) II (7 - j8) 
(6.5 + j3.5)(7-j8) 

J + 13.5-j4.5 

7 - j9 + 5.511- j0.2 


12.51 —j9.2 = 15.53Z-36.33 0 Q 




Chapter 9, Solution 71. 

We apply a wye-to-delta transformation. 

j4Q 



(j4)(l - j) 

j4M Z ob = j4 II (1- j) = Y. p '-ó jO-S 
(1)(1+ j) 

1M Z ac = 1M (1 + j) = = 0-6 + jO-2 

j4 M Z ab +111 Z ac = 2.2 - j0.6 


_ 1 _ 1 _ 1 1 

Z eq - j2 + - 2 + j2 + 2.2 - j0.6 

= j0.5 - 0.25 - j0.25 + 0.4231 + j0.1154 

= 0.173 + j0.3654 = 0.4043Z64.66 0 


Z eq = 2.473Z-64.66 0 Q = (1.058-j2.235) Q 




Chapter 9, Solution 72. 


Transform the delta connections to wye connections as shown below. 



R i = 


(20)(20) 
20+20 + 10 
( 20 )( 10 ) 


= 8 Q, 


( 20 )( 10 ) 

R 2 - 50 -40, 


R, 


50 


4 Q 


Z 

Z 


ab 

ab 


Z 


ab 


Z 

Z 


ab 

ab 


= j2 + (j2 + 8) II (j2 — j6 + 4) + 4 

= 4+j2 + (8 + j2)ll(4-j4) 

(8 + j2)(4-j4) 

= 4+ j2 + -- J 

12 - j2 

= 4 + j2 + 3.567 - jl.4054 

= (7.567 + j0.5946) Q 



Chapter 9, Solution 73. 


Transform the delta connection to a wye connection as in Fig. (a) and then 
transform the wye connection to a delta connection as in Fig. (b). 



(jgx-jó) _ 48 
1 j8 + j8-j6 jlO 

Z 2 = Z,= -j4.8 
(j8)(j8) -64 

3 jio jlO 


= -j4.8 


j6.4 


(2 + Zj)(4+ Z 2 ) + (4 + Z 2 )(Z 3 ) + (2 + Zj)(Z 3 ) = 

(2 - j4.8)(4 - j4.8) + (4 - j4.8)( j6.4) + (2 - j4.8)( j6.4) = 46.4 + j9.6 


46.4 +j9.6 
j6.4 

46.4 + j9.6 
4-j4.8 
46.4 + j9.6 
2-j4.8 


1.5 - j7.25 
3.574+ j6.688 
1.727+ j8.945 


j6HZ b 


- j4H Z a 


(6Z90 o )(7.583Z61.88°) 
3.574 +jl2.688 


= 07407 + j3.3716 


(~j4)( 1.5 - j7.25) 
1.5-jl 1.25 


0.186-j2.602 



jl2IIZ c 


(12Z90 o )(9.11Z79.07°) 
1.727 +j20.945 


0.5634 + j5.1693 


Z eq = (j6 II Z b ) II (-j4 II Z a + jl2 II Z c ) 

Z eq = (0.7407 + j3.3716) II (0.7494 + j2.5673) 
Z eq = 1.508Z75.42°Q = (0.3796+jl.46) Q 



Chapter 9, Solution 74. 


One such RL Circuit is shown below. 


20 O y 20 Q 



Z 

We now want to show that this circuit will produce a 90° phase shift. 


(j20)(20 + j20) -20+j20 

Z = j20 II (20 + j20) = VJ £- = 4(l + j3) 

J J 20 + j40 1 +j2 J 


Z 4+ jl2 1 + j3 

V =-V. =--—(1Z0°) =-— 

Z + 20 1 24 + j!2 v 7 6 + j3 


5< 1+ J) 


j20 

v = —--V = 

0 20 + j20 


(1 + j) = = 0.3333Z90 C 


This shows that the output leads the input by 90°. 



Chapter 9, Solution 75. 


Since cos(cot) = sin(cot + 90°), we need a phase shift circuit that will cause the 

output to lead the input by 90°. This is achieved by the RL circuit shown 
below, as explained in the previous problem. 


10 Q 10 Q 



This can also be obtained by an RC circuit. 



Chapter 9, Solution 76. 


(a) v 2 = 8sin5f = 8cos(5í-90°) 

Vi leads v 2 by 70°. 

(b) v 2 = 6 sin 2t = 6 cos(2f - 90°) 

Vi leads v 2 by 180°. 

(c ) v, = -4cosl0í = 4cos(10í + 180°) 
v 2 = 15sinl0í = 15cos(10f-90°) 
Vi leads v 2 by 270°. 



Chapter 9, Solution 77. 


(a) v =— :L -v. 

o R _ jXc , 

Where X ° = = (2n)(2 x 10^)(20 x 10 9 ) = 3-979 


V 0 - j3.979 3.979 

V, “ 5 - j3.979 “ J 5 2 +3.979 : 


Z(-90°+tan 4 (3.979/5)) 


3.979 
'25 + 15.83 


Z(-90°-38.51°) 


^ L = 0.6227Z-51.49 C 


Therefore, the phase shift is 51.49° lagging 
0 = -45° = -90°+ tan‘ 1 (X c /R) 


45° = tan‘(X c /R) 


R = X, . = ■ 


co = 27i:f = 


1 1 

f =-=-= 1 5915 MFÍ7 

2ttRC (2tc)(5)(20x10- 9 ) 



Chapter 9, Solution 78. 



Z = R//[8 + j(6-X)\ 


m+Ji 6-jOj 

R + 8 + j(6-X) 


i.e 8R+j6R-jXR = 5R + 40+j30-j5X 

Equating real and imaginary parts: 

8R = 5R + 40 which leads to R=13.333Í2 
6R-XR =30-5X which leads to X= 6 Í2. 




Chapter 9, Solution 79. 


(a) Consider the circuit as shown. 



Z, 

Z 2 


= j3011(30 + j60) = 
= jlO 11(40 + Z,) = 


(j30)(30+j60) 
30 +j90 
(jl0)(43 + j21) 
43 + j31 


3 + j21 

1.535 +j8.896 = 9.028Z80.21 0 


Let V; = 1Z0°. 


Z 2 (9.028Z80.21 o )(lZ0°) 

Vz “ Z 2 +20 Vi “ 21.535 + j8.896 

V 2 =0.3875Z57.77° 


Z, 3 + j21 (21.213Z81.87°)(0.3875Z57.77°) 

Vl “ Z, +40 Vz “ 43 + j21 Vz “ 47.85Z26.03 0 

V! = 0.1718Z113.61 ° 


V = 


j60 


: v -=i^ v -=f (2+j)v ' 


30 + j60 

V Q = (0.8944Z26.56°)(0.1718Z113.6°) 
V„ =0.1536Z140.2° 


Therefore, the phase shift is 140.2° 

(b) The phase shift is leading. 

(c) If Vi =120 V,then 

V Q = (120)(0.1536Z140.2°) = 18.43Z140.2 0 V 
and the magnitude is 18.43 V. 




Chapter 9, Solution 80. 


200 mH - > jcoL = j(27i)(60)(200xl0- 3 ) = j75.4Q 


j75.4 


j7 5.4 




(a) When R = 100Q, 

j75.4 (75.4Z90°)(120Z0°) 

v = — -n 20 zo°) = -—- - 

0 150 + j75.4 v ' 167.88Z26.69 0 

V 0 = 53.89Z63.31 0 V 


(b) 


When R = 0Q, 


V 0 

v„ 


Í75.4 (75.4Z90°)(120Z0°) 

—--(120Z0 0 ) = ----- 

50 + j75.4 ; 90.47 Z56.45° 

100Z33.55 0 V 


(c) To produce a phase shift of 45°, the phase of V o = 90° + 0 o 

Hence, a = phase of (R + 50 + j75.4) = 45°. 

For a to be 45°, R + 50 = 75.4 
Therefore, R = 25.4 Q 



Chapter 9, Solution 81 


Let 


Z, - Ri, 


^2 “ R 2 + • p ’ 

jcoC 2 


Z, = R,, and Z = R + 


Z, 

z = —z, 
x z, 2 


R. + 


1 


R, 


x j®C x R, 


R 2 + 


jcoC 2 J 


R, 1200 

R x = — R, =-(600) = 1.8 kQ 

x Rj 2 400 


1 

r R^ 

r n 

cT~ 

U J 

lc 2 J 


C 


R, 

— Cn 

R, 2 


^ 400 2 

ll20oJ 


(0.3xl0- 6 )= 0.1 pF 


1 

jcoC x ' 



Chapter 9, Solution 82. 



Chapter 9, Solution 83. 


(250 x 10 3 ) = 104.17 mH 



Chapter 9, Solution 84. 


Let Z, = R, II — 


1 


Z,= 


jcoC s 

R, 

jcoC s 


Z 2 — Rj > 


R, 


Z 3 =R 3 , and Z x = R X + jcoL x 


1 jcoRjC. +1 

1 j»c. 


Since Z x = —-Z,, 

Z, 


j coR ■ C +1 R,R, 

R x + j c °L x = R 2 R 3 J 1 s =-5~ J -a + jeoR.C s ) 


R, 


R, 


Equating the real and imaginary components, 


R„ = 


R 2 R 3 

R ! 


1 V 2 i-V 3 

coL x =-(coR,C s ) implies that 

R i 

L * = R 2 R 3 C s 

Given that R t = 40 kQ, R 2 =1.6 kQ, R 3 = 4 kQ, and C s = 0.45 pF 


R 


x 


R 2 R 3 
Ri 


(l-6)(4) 

40 


kQ = 0.16 kQ = 160 Q 


L x = R 2 R 3 C s = (1.6)(4)(0.45) = 2.88 H 



Chapter 9, Solution 85 


Let Z,=Rj, Z 2 = R 2 + . , Z 3 =R 3 ,and Z 4 = R 4 II . 

J COC 2 J COC 4 


jcoR 4 C 4 +1 coR 4 C 4 - j 


Since Z 4 = —— Z 2 

z i 


Z,Z 4 = Z 2 Z 3 , 


-j R 4 R l R L _J_ 

coR 4 C 4 -j \ ~ coC 2 


jR 4 R 1 (coR 4 C 4 + j) j R 3 

co 2 R 2 C 2 +l 3 2 coC, 


Equating the real and imaginary components, 
R jR 4 

_!_ 1 _ _ D D 

co 2 R 2 C 2 +l 23 


(oR i R 4 C 4 Rj 
co 2 R 2 C 2 +1“coC 2 


Dividing (1) by (2), 

1 

— — = coR,C, 
coR.C, 2 2 


R 2 C 2 R 4 C 4 


co = 27tf = 


/ R 2 c 2 r 4 c 4 


27iJR 2 R 4 C 2 C 4 



Chapter 9, Solution 86. 


1 1 1 

Y =-+-+- 

240 j95 - j84 

Y = 4.1667 x IO' 3 - j0.01053 + jO.Ol 19 

1 1000 1000 

Z = —=-=- 

Y 4.1667 + jl.37 4.3861Z18.2 0 

Z = 228Z-18.2°Q 



Chapter 9, Solution 87. 


1 - j 

Z, =50 +-= 50 +-õ- 7 — 

jcoC (27t)(2xl0 3 )(2xl0 6 ) 

Z, =50-j39.79 

Z 2 = 80+ jcoL = 80 + j (2n)(2 x 10 3 )(10 x 10 3 ) 
Z 2 =80 +jl25.66 

Z 3 =100 

1 _ 1 1 1 

Z Zj z 2 z 3 

J__J_ 1 1 

Z “ lõõ + 50 - j39.79 + 80 + jl25.66 
1 

— = IO ' 3 (10 +12.24 + j9.745 + 3.605 - j5.663) 
= (25.85+ j4.082)xl0‘ 3 

= 26.17 x IO ' 3 Z8.97° 


Z = 38.21Z-8.97 0 Q 



Chapter 9, Solution 88. 


(a) Z = - j20 + j30 +120 - j20 

Z = (120 -jlO) Q 

1 1 

(b) If the frequency were halved, -=- would cause the capacitive 

coC 27rf C 

impedance to double, while coL = 27tf L would cause the inductive 
impedance to halve. Thus, 

Z = -j40 + jl5 +120 - j40 

Z = (120 - j65) Q 



Chapter 9, Solution 89. 


An industrial load is modeled as a series combination of an inductor and a 
resistance as shown in Fig. 9.89. Calculate the value of a capacitor C across the 
series combination so that the net impedance is resistive at a frequency of 2 kHz. 



Figure 9.89 
For Prob. 9.89. 

Solution 

Step 1. 

There are different ways to solve this problem but perhaps the easiest way is to 
convert the series R L elements into their parallel equivalents. Then all you need 
to do is to make the inductance and capacitance cancel each other out to result in a 
purely resistive Circuit. 

Xl = 2xl0 3 x5xl0 3 = 10 which leads to Y = 1/(10+j 10) = 0.05-j0.05 or a 20Q 
resistor in parallel with a j20Q inductor. X c = 1/(2 x10 3 C) and the parallel 
combination of the capacitor and inductor is equal to, 

[(-jXc)G20)/(-jX c +j20)]. 

Step 2. 

•5 

Now we just need to set Xc = 20 = l/(2xl0 C) which will create an open circuit. 

C= 1/(20x2x10 3 ) = 25 pF. 



Chapter 9, Solution 90. 


Let V s = 145Z0°, 

y 

i = 


X = coL = (2 k)(60) L = 377 L 
145Z0° 


80 + R + jX 80 + R + jX 


(80)(145) 

V = 801 = ——-— 

1 80 + R + jX 


50 = 


(80)(145) 


80 + R + jX 


( 1 ) 


V 0 =(R + jX)I = 


(R + jX)(145Z0°) 


80 + R + jX 


110 = 


(R + jX)(145) 


80 + R + jX 


From (1) and (2), 

50 80 


110 | R + jX | 

IR + jX I = (80) 


'lT 

V 5 J 


R 2 +X 2 =30976 


From (1), 


I I (80)(145) 

1 J 1 50 

6400 + 160R + R 2 +X 2 = 53824 

160R + R 2 + X 2 = 47424 


( 2 ) 


(4) 


(3) 


Subtracting (3) from (4), 

160R = 16448 -> R= 102.8 Q 


From (3), 

X 2 =30976-10568 = 20408 
X = 142.86 = 377L -> L = 378.9 mH 



Chapter 9, Solution 91. 


1 

—- + R II jcoL 
jcoC 


z = -± + J^ 

“ roC R + jtoL 

- j co L R + jcoLR 

~coC + R 2 +co 2 L 2 


To have a resistive impedance, Im(Z in ) = 0. 
Hence, 

-1 coLR 2 

+ ~ r T" = 0 

coC R 2 +co 2 L 2 
1 coLR 2 

coC “ R 2 +co 2 L 2 
R 2 +co 2 L 2 
C “ co 2 LR 2 

where co= 2ti: f = 27c xlO 7 


9x10 4 +(4tc 2 xl0 14 )(400xl0 12 ) 
(47X 2 x10 14 )(20x1CT 6 )(9x10 4 ) 


c = 


9 + 1Ó7T: 2 
12tí 2 


nF 


C = 235 pF 



Chapter 9, Solution 92. 


(a) Z fl 



100Z75" 


450Z48" *10 


471.4Z13.5"Q 


(b) y = VZF = Vl00Z75° x450Z48° xlO 6 = 212.1Z61.5 0 mS 



Chapter 9, Solution 93. 

Z = Z s +2Z e +Z L 

Z = (1 + 0.8 + 23.2) + j(0.5 + 0.6 + 18.9) 

Z = 25 + j20 

V s 115Z0 0 

I = — =- 

L Z 32.02Z38.66 0 

I L = 3.592Z-38.66 0 A 



Chapter 10, Solution 1. 


We first determine the input impedance. 

1H -> \coL= jMO = jlO 

1F -> 


jlOxl ^ 0,:L 


f 


4 = 1 + 


-+- 


jlO -jO.l 1 


= 1.0101- j0.1= 1.015 < -5.653° 


2 < 0 ° 

1.015 <-5.653° 


= 1.9704 <5.653° 


i(t) = 1.9704cos(10t+5.65°) A 



Chapter 10, Solution 2. 

Using Fig. 10.51, design a problem to help other students better understand nodal 
analysis. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Solve for V 0 in Fig. 10.51, using nodal analysis. 


20 



Figure 10.51 For Prob. 10.2. 


Solution 




Vo = 40/(10-j) = (40/10.05)Z5.71° = 3.98Z5.71° V 



Chapter 10, Solution 3. 


2cos(4t) 
16sin(4t) 
2 H - 

1/12 F - 


—> 2Z0° 

-> 16Z-90° = -jl6 

jcoL = j8 

_J_ 1 

* j^C" j (4X1/12) “ 


The circuit is shown below. 



Applying nodal analysis, 


-jl6-V 0 |2 _V 0 | V 0 
4 — j3 1 6 + j8 


-J16 

4-j3 


+ 2 = 


1 + 


1 


1 




4 — j3 6 + j8y 


V 


o 


3.92- j2.56 4.682Z-33.15 

---=-= 3.835Z - 35.02' 

1.22 + j0.04 1.2207 Zl.88° 


Therefore, 


v 0 (t) = 3.835cos(4t - 35.02°) V 




Chapter 10, Solution 4. 


Step 1. 


Step 2. 


Convert the circuit into the frequency domain and solve for the node 
voltage, Vi, using analysis. The find the current Ic = Vi/[l+(l/(j4x0.25)] which 
then produces V 0 = lxlc. Finally, convert the capacitor voltage back into the time 
domain. 


Ix jl -jl O 


16Z0° V 



Note that we represented 16sin(4t-10°) volts by 16Z0° V. That will make our 
calculations easier and all we have to do is to offset our answer by a -10°. 

Our node equation is [(Vi-16)/j] - (0.5I X ) + [(V i-0)/(l-j)] = 0. We have two 
unknowns, therefore we need a constraint equation. I x = [(16—V i )/j] = j(V i—16). 
Once we have Vi, we can find I 0 = V) /(l—j) and V 0 = lxl 0 . 

Now all we need to do is to solve our equations. 

[(Vi—16)/j] - [0.5j(Vi—16] + [(Vi —0)/( 1 —j)j = [-j-j0.5+0.5+j0.5]V 1 +jl6+j8 = 0 
or 

[0.5-jJVi =-j24orVi = j24/(-0.5+j) = (24Z90°)/(1.118Z116.57°) 

= 21.47Z-26.57 0 V. 

Finally, I x = V^Cl-j) = (21.47Z-26.57 0 ) (0.7071Z45 0 ) = 15.181Z18.43 0 A and 
V G = lxlo = 15.181Z18.43 0 V or 

v 0 (t) = 15.181 sin(4t-10°+18.43°) = 15.181sin(4t-8.43°) volts. 










Chapter 10, Solution 5. 


0.25H 

2//F 


■> jcoL= j0.25x4xl0 3 = jlOOO 



1 

j4x10 3 x2x10 6 


= — jl25 


Consider the circuit as shown below. 


Io 2000 Vo -j 125 



At node V 0 , 

Y _ 25 V -0 V -101 

v O z —' v O u v O 1U1 Q _ Q 

2000 jlOOO -jl25 
V o -25-j2V o +jl6V o -jl60I o =0 
(1 + jl4)V 0 - j!60I o = 25 


But I 0 = (25-V o )/2000 


(1 + jl4)V 0 - j2 + j0.08V o = 25 


Vo 


25 - Q8Z4 - 57 ° L7768Z-8L37 
1 + j!4.08 14.115Z58.94 0 


Now to solve for i 0 , 


I 


O 


_ 25-V 0 _ 25-0.2666 +jl .7567 
2000 ~ 2000 
= 12.398Z4.06 0 


= 12.367+ j0.8784mA 


i 0 = 12.398cos(4xl0 3 t + 4.06°) mA. 



Chapter 10, Solution 6. 


Let V 0 be the voltage across the current source. Using nodal analysis we get 


V _4V V 20 

-2-—-3 +-2— = 0 where V x =-V G 


20 


20 + jlO 


20 +jlO 


Combining these we get: 


Vn 


4V V 

° — 3 + - ° 


20 20 + jlO 20 + jlO 


= 0 —» (1 + j0.5 - 3)V 0 = 60 + j30 


V o= W+30 or 20(3) 

u ^ ’r\ r a 


- 2 + j0.5 


-2 +j0.5 


29.11Z-166° V. 



Chapter 10, Solution 7. 

At the main node, 


120Z -15 c 


V 


40+ j20 
1 

40 + j20 


— = 6Z30° 

+ - + -1 
30 50 J 


V V 
H-1- 

- j30 50 


115.91-j31.058 
40 +j20 


5.196 —j3 


-3.1885-j4.7805 
0.04 + j0.0233 


124.08Z-154 0 V 



Chapter 10, Solution 8. 


co = 200, 


lOOmH 


jcoL = j200x0.1 = j20 


50pF 


j«»C j200x50xl0 


-6 


= -jioo 


The frequency-domain version of the circuit is shown below. 



At node 1, 


6Z15° + O.lVj = Ij- + 


V, 


- + - 


Vi - Vo 


or 


20 -jlOO 40 
5.7955 + 71.5529 = (-0.025 + j0.01)V 1 -0.025V, 


( 1 ) 


At node 2, 


Vl-V 2 

40 

From (1) and (2), 


0.1V! + 


Ia 

j20 


0 = 3V 1+ (l-j2)V 2 (2) 


(-0.025 + jO.Ol) -0.025“ 

fvl 


"(5.7955 +jl.5529)" 

3 (1-j2) 

lv 2 J 


1 0 


AV = B 


Using MATLAB, 



V = inv(A)*B 


leadsto V, = -70.63 - jffl.23, V 2 =-110.3 + j'161.09 


Thus, 


Vl-V 2 

40 


7.276Z-82.17° 


i 0 (i t ) = 7.276 cos(200í - 82.17°) A 



Chapter 10, Solution 9. 


10cos(10 3 t) - > 10Z0°, co = 10 3 


10 mH 
50 pF 


-» jcoL = jlO 

1 1 

■> -=-õ-7 = -j20 

jcoC j(10 3 )(50x 10 6 ) J 


Consider the circuit shown below. 



At node 1, 


10-V. _ % v.-v? 

20 20 - j20 

10 = (2 +j)V 1 - jV 2 


( 1 ) 


At node 2, 


V,-V, y! 

-— = (4) —- + 

-j20 20 


V, V! 

--—, where I„ = —— has been substituted. 

30 + jlO 0 20 


(-4 + j) V t = (0.6 + j0.8) V 2 
0.6 + j 0.8 

v, =- - —V, 

-4 + j 


( 2 ) 


Substituting (2) into (1) 


10 = (2 + j)(0.6 + j0.8) V; _ jVi 


4+j 


170 


or 


V, = 

2 0.6- j26.2 


y 


o 


30 3 170 

30 +jlO Vs “ 3 +j 0.6-j26.2 _ 6 

v 0 (t) = 6.154 cos(10 3 t + 70.26°) 


154Z70.26 0 

V 


Therefore, 




Chapter 10, Solution 10. 


50 mH -» jcoL = j2000x50xl0 3 = jlOO, co = 2000 

2(liF -> — =- 1 -- = — j250 

jcoC j2000x2xl0“ 6 

Consider the frequency-domain equivalent circuit below. 

V! -j250 V 2 

36Z0° 

At node 1, 

36 = —+ Vl ~ V2 -> 36 = (0.0005 - j0.006)Vi - j0.004V 2 (1) 

2000 jlOO - j250 

At node 2, 

Vl ~ V 2 = o.iv +_^2_ - > 0 = (0.1-j0.004)Vi+(0.00025 +j0.004)V^ (2) 

- j250 4000 1 2 

Solving (1) and (2) gives 

V 0 = V 2 = -535.6 + j893.5 = 8951.1Z93.43 0 



Vo (t) = 8.951 sin(2000t +93.43°) kV 



Chapter 10, Solution 11. 


Consider the circuit as shown below. 


Io -j5 Q 


2 Q 

/\/\ 



2 Q 


f \ 

í 


21 


O 


At node 1, 


V : -4 
2 


21, 


V : -0.5V 2 - 


+ 


Vl-V 2 



= 0 


But, I 0 = (4-V 2 )/(-j5) = -j0.2V 2 + j0.8 

Now the first node equation becomes, 

Vi -0.5V 2 +j0.4V 2 -jl.6 = 2or 
Vi + (-0.5+j0.4)V 2 = 2 + j 1.6 

At node 2, 


V 2 -Vi 


Vo-4 Vo-0 
+ — + — 


= 0 


2 -j5 j8 

-0.5V i + (0.5 + j0.075)V 2 = j0.8 

Using MATLAB to solve this, we get, 

» Y=[l,(-0.5+0.4i);-0.5,(0.5+0.075i)] 


Y = 



1.0000 

-0.5000 


-0.5000 + 0.4000Í 
0.5000 + 0.0750Í 


»I=[(2+1.6i);0.8i] 

1 = 

2.0000 + 1.6000Í 
0 + 0.8000Í 

» V=inv(Y)*I 

V = 

4.8597 + 0.0543Í 
4.9955 + 0.9050Í 

Io = -j0.2V 2 + j0.8 = -j0.9992 + 0.01086 + j0.8 = 0.01086 - j0.1992 

= 199.5Z86.89° mA. 



Chapter 10, Solution 12. 

Using Fig. 10.61, design a problem to help other students to better understand Nodal analysis. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

By nodal analysis, find i 0 in the circuit in Fig. 10.61. 



Figure 10.61 


Solution 


20sin(1000t) - > 


■> 20Z0°, co = 1000 


10 mH -» jcoL = jlO 


1 


1 


50 pF -> 



The frequency-domain equivalent circuit is shown below. 

2 Io 




r Io 


20Z0° A 



20 Q 


-j20Q 


jlOQ 


At node 1, 




























where 


At node 2, 


or 


20 = 2I 0 


*b 


Yizh 

10 


i 0 = 
20 = 


jio 

2V 


V V -V 

2 +^+ 1 


jio 20 10 

400 = 3% - (2 + j4) V 2 

( 1 ) 


2 


2V 2 } V.-V 2 _ V 2 t V 2 
jio 10 -j 20 jio 

j2V, = (-3 + j2)V 2 

Vj = (1 + jl.5) V 2 

( 2 ) 


Substituting (2) into (1), 

400 = (3 + j4.5) V 2 - (2 + j4) V 2 = (1 + j0.5) V 2 


V 2 


400 
l + j0.5 


I 


o 


jio 


40 

j (1 + j0.5) 


35.74Z-116.6° 


Therefore, 


i 0 (t) = 35.74 sin(1000t - 116.6°) A 



Chapter 10, Solution 13. 


Nodal analysis is the best approach to use on this problem. We can make our work easier 
by doing a source transformation on the right hand side of the circuit. 

-J 2 Q 18 Q j6Q 

40Z30° V 

V X -40Z30° | V x | V x ~50 _ 0 
- j2 3 18 + j6 

which leads to V x = 29.36Z62.88° A. 






Chapter 10, Solution 14. 


At node 1, 


o-v, o-v, v,-v, 

——- = 20Z30° 

-J2 10 j4 

-(1+ j2.5)V 1 - j2.5V 2 =173.2 + jl00 


At node 2, 


V, V, V 2 - V! 

-^ + ^ + —- L =20Z30° 

j2 -j5 j4 

- j5.5V 2 +j2.5V 1 =173.2 + jl 00 


Equations (1) and (2) can be cast into matrix form as 


1 + j2.5 

j2-5 " 

"Vi" 


"- 200Z30° 

_ j2.5 

-j5.5_ 

vj 


_ 200Z30° _ 


(1) 


( 2 ) 


1 +j2.5 j2.5 

j2.5 - j5.5 


20-j5.5 = 20.74Z-15.38° 


A, 

a 2 


- 200Z30° j2.5 

200Z30° - j5.5 

1 +j2.5 -200Z30 0 
j2.5 200Z30° 


= j3(200Z30°) = 600Z120° 

= (200Z30°)(1 + j5) = 1020Z108.7 C 


A, 

V, = — = 28.93Z135.38°V 
A 

A 2 

V, = —= 49.18Z124.08°V 
2 A 



Chapter 10, Solution 15. 


At node 1, 


At node 2, 


We apply nodal analysis to the circuit shown below. 

5 A 



-j20-V 1 | V, | V, - V 2 

2 -j2 j 

-5- jl0 = (0.5-j0.5)Vj + jV 2 

V,-V 2 v 2 


5 + 2I + - 


where I = 


v 2 = 


J 

j2 


0-25-j 

Substituting (2) into (1), 


■Vi 


5 - jlO - ~~7 : = 0.5 (1 - j) Vj 


0.25-j 
(l-j)V 1 =-10-j20- 


J40_ 
1-j4 


r 160 j40 

(V2Z - 45°) V, = -10 - j20 + — - 

y! =15.81Z313.5° 

V, 

I = — = (0.5Z90°)(15.81Z313.5°) 
-J2 


( 1 ) 


( 2 ) 


4 Q 


I = 7.906Z43.49 0 A 




Chapter 10, Solution 16. 


Consider the circuit as shown in the figure below. 

Vi j4Q V 2 



At node 1, 

„ Vi-0 Vi-V 2 „ 

-2h— -+ —-— = 0 

5 j4 (1) 

(0.2-j0.25)V! +j0.25V 2 =2 

At node 2, 

Vo-Vi Vo-0 

L + ^-3Z45° = 0 

j4 - j3 (2) 

jO^Vj + j0.08333V 2 =2.121 +j2.121 
In matrix form, (1) and (2) become 

0 . 2 -j0.25 j0.25 Tv 1 l_r 2 

j0.25 j0.08333j|_V 2 J _ |_2.121 + j2.121 

Solving this using MATLAB, we get, 

» Y=[(0.2-0.25i),0.25i;0.25i,0.08333i] 

Y = 

0.2000 - 0.2500Í 0 + 0.2500Í 

0 + 0.2500Í 0 + 0.0833Í 


»I=[2;(2.121+2.121i)] 
1 = 



2.0000 

2.1210+ 2.1210Í 


» V=inv(Y)*I 
V = 

5.2793 - 5.4190Í 
9.6145 - 9.1955Í 

v s = Vi - V 2 = -4.335 + j3.776 = 5.749Z138.94° Y. 



Chapter 10, Solution 17. 


Consider the circuit below. 



At node 1, 

100Z20°-V 1 V, V, -V 2 
j4 'T + 2 

100Z20° = ^ L (3 + jl0)-j2V 2 

( 1 ) 

At node 2, 

100Z20°-V 2 V.-V, V 2 

T 2 Tj2 

100Z20° = -0.5V 1 +(1.5 +j0.5) V 2 

( 2 ) 


From (1) and (2), 

100Z20 0 

100Z20 0 


-0.5 

0.5(3 +j)' 

"Vi" 

-l + jl0/3 

-j2 _ 

v 2 _ 


-0.5 1.5 + j0.5 


l + jl0/3 

■ j2 | 

100Z20 0 

1.5 +j0.5 

100Z20 0 

-j2 

-0.5 

100Z20 0 

1 + j 10/3 

100Z20 0 


0.1667 - j4.5 


-55.45-j286.2 


-26.95-j364.5 




= 64.74Z-13.08° 


A 2 

V 9 = — = 81.17Z-6.35° 

A 

A t - A 2 - 28.5 + j78.31 
° _ 2 2A 0.3333-j9 

I () = 9.25Z-162.12 0 A 



Chapter 10, Solution 18. 


Consider the circuit shown below. 



At node 1, 


V! V, -v 2 

4Z45°= — + —-- 

2 8 + j6 

200Z45 0 = (29 - j3) V, - (4 - j3) V 2 

( 1 ) 


At node 2, 


%-v 2 


+ 2V v = —+ - 


8 + j6 ' x -j 4 + j5 - j2 ’ 
(104 - j3) V, = (12 + j41) V 2 
12+Í41 

V =--—v 

1 104-j3 2 

( 2 ) 


where V x = V, 


Substituting (2) into (1), 

(12 + j41) 

200Z45 0 = (29 - J3) 104 _ j3 V 2 - (4 - j3) V 2 

200Z45 0 = (14.21Z89.17 0 ) V 2 
200Z45° 

Ví “ 14.21Z89.17 0 


-j2 - j2 

y =---y = —~— 

0 4 + J5-J2 2 4 + j3 


- 6 — j8 

V =-— V 

2 25 2 


V = 


10Z233.13 0 200Z45 0 


25 


14.21Z89.17 0 


V„ = 5.63Z189 0 V 



Chapter 10, Solution 19. 


We have a supemode as shown in the circuit below. 


j2Q 




( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 


V. = 7.682Z50.19 0 V 





Chapter 10, Solution 20. 


The circuit is converted to its frequency-domain equivalent circuit as shown below. 


VmZ0° 



Z = jcoL I 


jcoL + - 


Ç_ jtoL 

1 _ 1-orLC 


Z i_ m 2 TC icoL 

V =-V =—-—— V = - í -V 

0 R + Z m „ . jcoL m R(1 -co 2 LC) + jcoL n 
K + ~ 

1-co 2 LC 


coLV m , coL 

V - / QQ^^-tqn"'- 

° a/R 2 (1 - co 2 LC) 2 + orL 2 V R(l-co 2 LC) 


If V Q = AZ(j), then 

aLV 


/R 2 (1 - co 2 LC) 2 + co 2 L 2 


and (j) = 90° - tan' 1 


R(l-co 2 LC) 




Chapter 10, Solution 21 


(a) = 


Vo 

V ; 


1 

jcoC 


1 


„ . T 1 l-co 2 LC + jcoRC 

R+ icoL + -—— 
jcoC 

1 

T = 1 


= 0 


At co = 0, 

0 

v~ 

As co —» co, 

v 0 



V, 

1 

v 0 

At co - ,— , 

Vlc 

v“ 


jRC 


li 

R 


Vlc 


(b) = 


L 

v ; 


jcoL 


-co 2 LC 


„ . T 1 l-orLC + jcoRC 

R+ icoL + -— 
jcoC 


At co = 0, 

0 

v~ 


V 0 

As co —> co, 



V, 

1 

v 0 

At co - ,— , 

Vlc 

V, 


= 0 

_ 1 
_ r 


-i 


jRC- 


R 


Vlc 



Chapter 10, Solution 22. 


Let 


Consider the circuit in the frequency domain as shown below. 


Ri 



jcoC 


(R 2 +jcoL) 


R 2 + jcoL 


R t + j coL + 


1 1 + jcoR 2 -orLC 


jcoC 


R 2 + jcoL 

V íL __Z_ 1 -(ú 2 LC +jcoR 2 C 

V s Z + Rj _|_ R 2 + jwL 

1 + 1 - co 2 LC + jcoR 2 C 

v jL = _ R 2 + j<*> L _ 

y s “ Rj +R 2 -©'LCRj + jct)(L + RjR 2 C) 




Chapter 10, Solution 23. 


V-V c 


V 


R . T 1 
jcoL + - 


+ jcoCV = 0 


jcoC 


v + jcoR cv + jcoRCV = V s 
- coLC +1 


\ - co 2 LC + jcoRC + jcoRC - jco 3 RLC 2 ^ 
1 - co 2 LC 


v = v c 


V = 


(1 -(0 2 LC)V s 


1 - co 2 LC + jcoRC (2 - co 2 LC ) 



Chapter 10, Solution 24. 


Design a problem to help other students to better understand mesh analysis. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Use mesh analysis to find V 0 in the circuit in Prob. 10.2. 

Solution 

Consider the circuit as shown below. 

2 Q 



For mesh 1, 

4 = (2-j5)I l + j5I 1 (1) 

For mesh 2, 

0 = j5/ 1+ (j4-j5)/ 2 -> /,=|/ 2 (2) 

Substituting (2) into (1), 

4 = (2-j5)\l 2 + j5I 2 -> I 2 = —p—: 

5 0.1 + 7 


V 0 = j4I 2 = j4/(0.1+j) = j4/(1.00499z84.29°) = 3.98z5.71° V 



Chapter 10, Solution 25. 


co= 2 


10cos(2t) - > 10Z0° 


6sin(2t) — 
2 H -> 

0.25 F - 


-> 6Z - 90° = -j6 


jcoL = j4 
1 


1 


jcoC j(2)(l/4) 


= -j2 


The circuit is shown below. 


4 Q 


j4Q 



62-90° V 


For loop 1, 

-10 + (4- j2)I, + j2I 2 = 0 
5 = (2 - j)Ij + jl 2 

( 1 ) 


For loop 2, 

j2I t + (j4 — j2) 1 2 + (-j6) = 0 
I, +I 2 =3 

( 2 ) 


In matrix form (1) and (2) become 


2 - j j 

ir 


" 5 " 

1 1_ 

-i 2 . 


_3_ 


A = 2(l-j), 


A i = 5 - j3, A 2 = 1 — j3 


Therefore, 


I = 1 ,- 1 , = A| Az = —-— = 1+ / = 1.4142245° 
A 2(1-7) 

i 0 (t)= 1.4142cos(2t + 45°) A 





Chapter 10, Solution 26. 

0.4H -> \coL= jl0 3 x0.4 = j400 

* F —> A«c^]íõ4F- jl00 ° 

2Qsía<10 8 f>- 20coBClO B f- Wwhlch Isma re 20 L - 90 s - -/2Q 

The circuit becomes that shown below. 



For loop 1, 

-10 + (12000 + j'400)/, - y400/ 2 =0 -> 1 = (200 + y40)7, - j40I 2 (1) 

For loop 2, 

-y'20 + O'400- jlOOO)I 2 - j'400/^0 -> -12 =40/;+60/ 2 

( 2 ) 

In matrix form, (1) and (2) become 


1 


"200+ /40 

-740" 

h 

-12 


40 

60 

h 


Solving this leads to 

li =0.0025-j0.0075, I 2 = -0.035+j0.005 


I 0 = ij - 1 2 = 0.0375 - j0.0125 = 39.5z-18.43° mA 


i 0 (t) = 39.5cos(10 3 t-18.43°) mA 

























Chapter 10, Solution 27. 


For mesh 1, 

-40Z30° + (jl0-j20)I 1 +j20I 2 =0 
4Z30° = -jl, + j21 2 (1) 

For mesh 2, 

50Z0° + (40 - j20) 1 2 + j201, =0 
5 = -j2I 1 -(4-j2)I 2 (2) 

From (1) and (2), 

"4Z30°lJ-j j2 Tlj" 

_ 5 J“L-j2 - (4 — j2) J1_I 2 _ 

A = -2 + 4j = 4.472Z116.56° 

A, = -(4Z30°)(4 - j2) - jlO = 21.01Z211.8° 

A 2 = -j5 + 8Z120° = 4.44Z154.27 0 

A, 

I, = — = 4.698Z95.24 0 A 

1 A 

A, 

I 2 = = 992.8Z37.71 0 mA 

A 



Chapter 10, Solution 28. 


1H -> jcoL = j4, 1F -> —^^— = -j0.25 

jcoC jlx4 

The frequency-domain version of the circuit is shown below, where 


V^lOZO 0 , V 2 = 20Z -30° . 


1 j4 j4 1 



V^lOZO 0 , V 2 = 20Z -30° 

Applying mesh analysis, 

10 = (2 + j3.75)I 1 -(l-j0.25)I 2 (1) 

- 20Z - 30° = -(1 - j0.25)l! + (2 + j3.75)I 2 (2) 

From (1) and (2), we obtain 


' 10 > 


"2 + j3.75 -l + j0.25" 


v -17.32 + jl0 ; 


v -l + j0.25 2 + j3.75 j 

v J 2y 


Solving this leads to 

Ij =2.741Z-41.07°, I 2 =4.114Z92° 

Hence, 

i i(t) = 2.741cos(4t-41.07°)A, i 2 (t) = 4.114cos(4t+92°)A. 




Chapter 10, Solution 29. 


Using Fig. 10.77, design a problem to help other students better understand mesh analysis. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

By using mesh analysis, find li and I 2 in the circuit depicted in Fig. 10.77. 


j4Q 3 Q 



Solution 


For mesh 1, 

(5 + j5)I, -(2 +j)I 2 -30Z20° = 0 
30Z20 0 = (5 + j5)I 1 - (2 + j) 1 2 
(D 

For mesh 2, 

(5 + j3 - j6)I 2 - (2 + j)Ij = 0 
0 = - (2 + j) I j + (5 - j3) 1 2 
( 2 ) 

From (1) and (2), 


30Z20°” 


' 5 + j5 

■ (2 + j) 

V 

0 


_-(2 + j) 

5-j3 _ 

I 2 - 


A = 37 + j6 = 37.48Z9.21 0 

A, = (30Z20°)(5.831Z - 30.96°) = 175Z -10.96° 

A 2 = (30Z20°)(2.356Z26.56°) = 67.08Z46.56 0 















A, 

I, = —= 4.67Z-20.17 0 A 

A 

A 2 

I 2 =~r= 1.79Z37.35 0 A 

A 



Chapter 10, Solution 30. 


300 mH -> jcoL= jl00x300x10 3 = j30 

200mH -> \coL= jl00x200xL0 3 = j20 

400mH -> \coL= jl00x400xl0 3 = j40 

50//F -> y, r = ---R = — j200 

/J®C jl00x50xl0 6 J 

The circuit becomes that shown below. 


j40 j20 



For mesh 1, 

-120 < 90" + (20 + j30)I x - j30/ 2 = 0 -> jl20 =(20 + j30)/! - j30I 2 (1) 

For mesh 2, 

—j‘307, + (j’30 + j’40 - j200)1 2 + j 2 OO /3 = 0 -> 0 = -3/, -13/ 2 + 20 / 3 (2) 

For mesh 3, 

80 + j200I 2 + (10 - jl 80)I 3 =0^-8 = j20I 2 + (1 - jl 8 )I 3 (3) 

We put (1) to (3) in matrix form. 


"2 + j3 - j3 

0 n 

"111 


jl 2 

-3 

-13 

20 

I 2 

= 

0 

0 

j20 

1 — jl 8 

_h\ 


-8 


This is an excellent candidate for MATLAB. 

» Z=[(2+3i),-3i,0;-3,-13,20;0,20i,(l-18i)] 
Z = 

2.0000 + 3.0000Í 0 - 3.0000Í 0 



-3.0000 

0 


-13.0000 20.0000 

0 +20.0000Í 1.0000-18.OOOOi 


» V=[12i;0;-8] 
V = 


0 +12. OOOOi 
0 

- 8.0000 


»I=inv(Z)*V 
1 = 

2.0557 + 3.56511 
0.4324 +2.1946i 
0.5894+ 1.9612Í 


-j200(1 2 -1 3 ) = -j200(-0.157+j0.2334) = 46.68 + j31.4 = 56.26Z33.93 0 

v 0 = 56.26cos(100t + 33.93°) V. 



Chapter 10, Solution 31. 


Consider the network shown below. 


80 Q I 0 j60 Q 20 Q 



60Z-30 0 V 


For loop 1, 

-100Z120° + (80-j40)I 1 + j40I 2 =0 

10Z20 0 = 4(2- j)Ij + j4I 2 (1) 

For loop 2, 

j40Ij + (j60- j80)I, + j40I 3 = 0 

0 = 2Ij -1 2 + 2I 3 (2) 

For loop 3, 

60Z-30° + (20-j40)I 3 + j401 2 =0 

- 6Z - 30° = j41 2 + 2(1- j2)I 3 (3) 

From (2), 

2I 3 =I 2 -21, 

Substituting this equation into (3), 

- 6Z - 30° = -2 (1 — j2) I j + (1 + j2) 1 2 (4) 

From (1) and (4), 


r 10Z120°" 


" 4(2-j) 

j4 " 

V 

1 

1 

ON 

K 

i 

UJ 

O 

o 

i_ 


-- 2(1- j2) 

l + j2_ 

M- 


8 — j4 - j4 
-2 + j4 1 + j2 


32 + j20 = 37.74Z32 0 


a 2 


8 — j4 10Z120 0 
- 2 + j4 - 6Z - 30° 


-4.928 + j82.11 = 82.25Z93.44 0 


A 2 

I =1, = — 

o 2 A 


2.179Z61.44 0 A 





Chapter 10, Solution 32. 


Consider the circuit below. 


j4Q 



For mesh 1, 

(2 +j4)Ij - 2 (4Z - 30°) + 3 V Q = 0 
where V Q = 2(4Z-30°-I 1 ) 

Hence, 

(2 + j4)Ij -8Z-30 o + 6(4Z-30°-I 1 ) = 0 
4Z-30° = (1-j)Ij 

or I, = 2 a/2Z15° 

3V 3 

! 0 = —t = r j ^ (2)(4Z - 30 °- Ii) 

I 0 = j3(4Z - 30 o - 2 V2Z15°) 

I 0 = 8.485Z15 0 A 
-j2I 


y 


3 


= 5.657Z-75 0 V 



For mesh 1, 

j20 + (2 - j2)I 1 + j2I 2 = 0 
(l-j)Ii +jl 2 =-j!0 


For the supermesh, 

(j-j2)I 2 +j2I 1 +4I 3 -jI 4 =0 


Also, 

I 3 - I 2 = 21 = 2(Ij - I 2 ) 
I 3 =21, I 2 

For mesh 4, 


I 4 = 5 

Substituting (3) and (4) into (2), 

(8 + j2)Ij - (-4+ j)I 2 = j5 

Putting (1) and (5) in matrix form. 


1-j j 

I, 


jio" 

_8 + j2 4 - j 

-I 2 J 


_ j5 _ 


A = -3 - j5 , 


A, = -5 + j40, 


I = Ii-I 2 = 


A,-A 2 _ 10-j45 
A - 3 — j5 


( 1 ) 

( 2 ) 


(3) 

(4) 

(5) 


At — -15 + j85 


7.906Z43.49 0 A 





Chapter 10, Solution 34. 

The circuit is shown below. 



For mesh 1, 

- j40 + (18 + j2)I, - (8 - j2)I 2 - (10 + j4)I 3 = 0 (1) 

For the supermesh, 

(13 - j2) 1 2 + (30 + jl 9) I 3 - (18 + j2) I, = 0 (2) 

Also, 

I 2 =I 3 -3 

Adding (1) and (2) and incorporating (3), 

- j40 + 5(I 3 — 3) + (20 + jl 5) 1 3 =0 

3 + j8 

I 3 =-= 1.465Z38.48 0 

3 5 + j3 

I o = l 3 = 1.465Z38.48 0 A 


(3) 










Chapter 10, Solution 35. 


4 Q 


j2Q 



10 Q 


-j5Q 


For the supermesh, 

-20 + 81, +(H-j8)I 2 -(9-j3)I 3 =0 


Also, 


For mesh 3, 


I.=I 2 +j4 


(13 — j)I 3 —81, — (1 — j3) 1 2 =0 


Substituting (2) into (1), 

(19 — j8) I 2 — (9 — j3) I 3 = 20-j32 

Substituting (2) into (3), 

- (9 — j3) I 2 + (13 — j) I 3 = j32 

From (4) and (5), 


" 19 — j8 

- (9 - j3) 

V 


"20-j32" 

(9 — j3) 

13-j _ 

-I 3 J 


_ j32 _ 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


A = 167 — j69 , 


A 2 =324-j!48 


A 2 324 — j!48 356.2Z-24.55° 

167-j69 “ 180.69Z-22.45° 


I, = 1.971Z-2.1 0 A 





Chapter 10, Solution 36. 


Consider the circuit below. 


j4 Q -j3 Q 



Clearly, 


I, = 4Z90° = j4 


and I, = -2 


For mesh 2, 


(4 — j3)I 2 — 2Ij - 21, +12 = 0 
(4 - j3)I 2 - j8 + 4 +12 = 0 
-16 + j8 

I, =-— = -3.52 - j0.64 

2 4-j3 


Thus, 


V u =2(1, -I 2 ) = (2)(3.52 + j4.64) = 7.04 + j9.28 


i2zo° v 


V„ = 11.648Z52.82 0 V 




Chapter 10, Solution 37. 



For mesh x, 




ZI X -ZI z = — jl20 

(1) 

For mesh y, 




ZIy -ZI z = -120Z30 0 =-103.92+ j60 

(2) 


For mesh z, 

-ZI X -ZI y +3ZI z =0 (3) 

Putting (1) to (3) together leads to the following matrix equation: 

r (80 — j35) 0 (-80 + j35)Yl x ^| f -jl20 " 

0 (80 — j35) (-80 + j35) I y = -103.92+ j60 -> AI = B 

v (-80 + j35) (-80 + j35) (240-jl05)J[l z J [ 0 , 

Using MATLAB, we obtain 

0.2641 - j2.366" 

I = inv(A) * B = - 2.181-j0.954 

r 0.815-j 1.1066, 

I, = I x = -0.2641 - j2.366 = 2.38Z-96.37 a A 
I 2 =I y -I x = -1.9167 + 7 I. 4 II 6 = 2.38Z143.63 0 A 
I 3 = —I y = 2.181 + jO.954 = 2.38Z23.63 0 A 







Chapter 10, Solution 38. 


Consider the circuit below. 


Io 



Clearly, 

I, =2 

For mesh 2, 

(2- j4)I, -21, +j4I 4 +10Z90° = 0 

Substitute (1) into (2) to get 

(l - j2) I 2 + j21 4 =2 — j5 

For the supermesh, 

(1 +j2)I 3 - j2I t + (1 j4)I 4 + j4I 2 = 0 
j41 2 + (1+ j2)I 3 + (1 — j4) I 4 = j4 

At node A, 

I 3 =I 4 -4 

Substituting (4) into (3) gives 

j21 2 + (1-j)I 4 = 2(1 + j3) 

From (2) and (5), 


“1-j2 

j2 

V 


“2-j5" 

- j2 

1 -j- 

-I 4 J 


_2 +j6_ 


A = 3-j3, A, = 9-jll 


T _ T ~ A i -(9-jll) 

°' 2 A 3 — j3 

I 0 = 3.35Z174.3 0 A 


|(- 10 + j ) 


( 1 ) 

( 2 ) 


(3) 

(4) 

(5) 





Chapter 10, Solution 39. 


For mesh 1, 



For mesh 2, 

(28-jl5)Ij -8I 2 + jl5I 3 = 12Z64° 

(1) 

For mesh 3, 

-8I 1+ (8-j9)I 2 -jl6I 3 =0 

(2) 


jl5Ij - jl6I 2 + (10 + j)I 3 = 0 

(3) 


In matrix form, (1) to (3) can be cast as 


'(28-jl5) -8 jl5 YlA 12Z64° 

-8 (8 — j9) - jl6 I 2 = 0 or AI = B 

v jl5 - j!6 (10 +j)J(j 3 J [ 0 

Using MATLAB, 

I = inv(A)*B 

/, = -0.128+ 70.3593 = 381.4Z109.6 0 mA 
I 2 = -0.1946 + 70.2841 = 344.3Z124.4 0 mA 
/ 3 = 0.0718-70.1265 = 145.5Z-60.42 0 mA 
I x = - 1 2 = 0.0666 + 70.0752 = 100.5Z48.5 0 mA 

381.4Z109.6 0 mA, 344.3Z124.4 0 mA, 145.5Z-60.42 0 mA, 100.5Z48.5 0 mA 



Chapter 10, Solution 40. 


Let I 0 = Ioi + I 0 2, where I 0 i is due to the dc source and I„2 is due to the ac source. For I G 
consider the circuit in Fig. (a). 

Clearly, 


4ü 2 Q 



I ol = 8/2 = 4 A 


For I 0 2 , consider the circuit in Fig. (b). 


4Q 2ü 



If we transform the voltage source, we have the circuit in Fig. (c), where 4 II 2 = 4/3 Q. 


2.5Z0° 



Io2 

J4Q 


By the current division principie, 

4/3 

; —(2.5Z0 0 ) 


I 


o 2 


4/3 + ,/4 


I o2 = 0.25 - j 0.75 = 0.79Z -71.56° 


Thus, I o2 =0.79cos(4í-71.56°) A 

Therefore, 

Io = Ioi + Io 2 = [4 + 0.79cos(4t-71.56°)] A 





Chapter 10, Solution 41. 


We apply superposition principie. We let 

Vo = Vi + V 2 

where vi and v 2 are due to the sources 6cos2t and 4sin4t respectively. To find Vi, 
consider the circuit below. 


-j2 



V 4F 



1 

\2xU 4 


-j2 


Vi 


z 

2 v 7 (6) = 3+j3 = 4.243Z45 0 


Thus, 


vi(t) = 4.243cos(2t+45°) volts. 

To get v 2 (t), consider the circuit below, 


-j 























V 4F 


■> 



1 

j4xI/4 


-jl 


2 _ 

Y s - - S.2 + J11.6 - 8. IT8426.S6“ 

V 2 (t) = 3.578sin(4t+25.56°) volts. 


Hence, 


v 0 = [4.243cos(2t+45°) + 3.578sin(4t+25.56°)] volts. 




Chapter 10, Solution 42. 

Using Fig. 10.87, design a problem to help other students to better understand the 
superposition theorem. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Solve for I 0 in the circuit of Fig. 10.87. 


I 


O 



30Z45 0 V 


Figure 10.87 For Prob. 10.42. 


Solution 


Let / 0 = /,+/ 2 

where li and I 2 are due to 20<0° and 30<45° sources respectively. To get li, we use 
circuit below. 


Ii 



Let Zi = -j40//60 = 18.4615 -j27.6927, Z 2 = j 10//50=1.9231 + j9.615 
Transforming the voltage source to a current source leads to the circuit below. 




Using current division, 

L = ———(-j‘2) = 0.6217 + 70.3626 
Z 1+ Z 2 

To get I 2 , we use the circuit below. 



30Z45 0 V 


After transforming the voltage source, we obtain the circuit below. 

I 2 



Using current division, 

/ 2 = ~ Z| (0.5 < 45°) = -0.5275 - jO.3077 
Z 1+ Z 2 






2 = 0.0942+j0.0509 = 109^30° mA. 




Chapter 10, Solution 43. Let I x =1, + 1 2 , where I : is due to the voltage source and 
I 2 is due to the current source. 

co = 2 

5cos(2t + 10°) -> 5Z10° 

10cos(2t-60°) - > 10Z - 60° 

4 H -» jcoL = j8 

1 1 1 

-F -> -=-= -j4 

8 jcoC j(2)(l/8) J 


For I,, consider the circuit in Fig. (a). 


-j4 Q 3 Q ij 



10Z-60° V 


10Z - 60° 10Z - 60° 

Il_ 3 + j8-j4“ 3 + j4 

For I 2 , consider the circuit in Fig. (b). 

-j4 Q 3 Q i 2 



I 2 


-j8 

3 + j8-j4 


(5Z10°) = 


- j40Z10° 
3 + j4 


Ix 

Ix 


1 


I+I 2 


3 + j4 
49.51Z-76.04 


5Z53.13 0 


(10Z - 60° - j40Z10°) 

D 

- = 9.902Z-129.17° 


Therefore, 


i x = 9.902 cos(2t - 129.17°) A 




Chapter 10, Solution 44. 


Let v x =v 1 +v 2 , where vi and v 2 are due to the current source and voltage source 
respectively. 

For vi , co = 6, 5H -> jcoL = j30 

The frequency-domain circuit is shown below. 



Let Z = 16//(20 + j30) = 16(20 + J 3Q ) = n.g + j3.497 = 12.31Z16.5 0 

36 + j30 

V : =I s Z = (12Z10 o )(12.31Z16.5°) = 147.7Z26.5° -> = 147.7cos(6t + 26.5°) V 

For v 2 , co = 2, 5H -> jcoL = jlO 


The frequency-domain circuit is shown below. 



Using voltage di vision, 



V 2 =-—- v 16(5QZQ ) = 21.41Z-15.52° -> v 2 = 21.41sin(2t-15.52°)V 

16 + 20 +jlO s 36 + jlO 

Thus, 

v x = [147.7cos(6t+26.5°)+21.41sin(2t-15.52°)] V 



Chapter 10, Solution 45. 

Let i = i x + i 2 , where ii and 12 are due to 16cos(10t +30°) and 6sin4t sources respectively. 
To find ii , consider the circuit below. 


h 20 Q 



jX 


X = <«L= 10x300x10 3 = 3 


Type equation here. 


, 16^30* _ 164.30* 

11 m wrn m = 0.7913z21.47° 


ii(t) = 791.1cos(10t+21.47°) mA. 


To find Í 2 (t), consider the circuit below. 


I 2 20 0 





















6Z0° V 


jX 


X = a>L= 4x300x10 3 =1.2 


. 6^0 ; 6^18» 

** " “20 -t-Jj.Z " 20,03&I3.43' = 0.2995zl76.57° or 


i 2 (t) = 299.5sin(4t+176.57°) mA. 


Thus, 

i(t) = ij(t) + i 2 (t) = [791.1cos(10t+21.47°) + 299.5sin(4t+176.57°)] mA. 




Chapter 10, Solution 46. 


Let v c = Vj + v 2 + v 3 , where Vj, v 2 , and v 3 are respectively due to the 10-V dc source, the ac 
current source, and the ac voltage source. For v, consider the circuit in Fig. (a). 


6 Q 2 H 



The capacitor is open to dc, while the inductor is a short circuit. Hence, 
Vj =10 V 

For v 2 , consider the circuit in Fig. (b). 
co = 2 

2 H - > jcoL = j4 

1 1 1 

— F -> -=-= -i6 

12 jcoC j (2)(1 /12) J 



Applying nodal analysis, 


4 = ' 


- + ■ 


j6 + j4 


I + i_i 

V6 6 4J 


24 

V, =-= 21.45Z26.56 0 

2 l-jO.5 


Hence, v 2 = 21.45sin(2t + 26.56°) V 

For v 3 , consider the circuit in Fig. (c). 
co = 3 





2 H 


jcoL = j6 

1 1 1 

— F -> -=-= - j4 

12 jcoC j(3)(l/12) J 

6fi j6 Q 


12Z0° V 

(c) 

At the non-reference node, 

12 -V 3 V 3 V 3 

6 =T ^ + lê 

12 

V 3 = z —= 10.73Z - 26.56° 

1 + j0.5 

Hence, v 3 = 10.73cos(3t - 26.56°) V 

Therefore, 

v o = [10+21.45sin(2t+26.56°)+10.73cos(3t-26.56°)] V 





Chapter 10, Solution 47. 

Let i 0 = ij + i 2 + i 3 , where ij, i 2 , and i 3 are respectively due to the 24-V dc source, 
ac voltage source, and the ac current source. For i,, consider the circuit in Fig. (a). 



Since the capacitor is an open circuit to dc, 
24 

ii = —— = 4A 

1 4 + 2 


For i 2 , consider the circuit in Fig. (b). 
co = 1 

2 H -» jcoL = j2 

1 1 

= -j6 


-F 

6 


jcoC 

1 Q -j6 Q 


10Z-30° 


j2Q 


For mesh 1, 


-10Z-30° + (3-j6)I, -21, =0 
10Z-30° = 3(l-2j)I 1 -2I 2 



t l 2 


4 Q 


( 1 ) 


For mesh 2, 


0 = -21, + (6 + j2) I 2 

li = (3 +j)I 2 


(2) 


Substituting (2) into (1) 





10Z-30° = 13 — jl5I 2 
I 2 =0.504Z19.1° 

Hence, i 2 = 0.504sin(t +19.1°) A 

For i 3 , consider the circuit in Fig. (c). 
co = 3 

2 H -» 

1 

6 F > 

1 Q -j2 Q 

—wv-1(—— 

|2Í) 


(c) 



jcoL = j6 

_1_ 1 

j^C'j(3)(l/6) 


I3 

4 Q 


2 M (1 — j2) = 


2(l-j2) 

3-j2 


j6Q 


2Z0° A 


Using current division, 

2 (1 j2) 
3-j2 


(2Z0°) 


h = 


4 + j6 + 


2(1-j2) 
3-j2 


I, =0.3352Z-76.43 C 


2(1-j2) 
13 + j3 


Hence i 3 = 0.3352cos(3t -76.43°) A 


Therefore, 


i 0 = [4 + 0.504 sin(t + 19.1°) + 0.3352 cos(3t - 76.43°)] A 



Chapter 10, Solution 48. 


Let i 0 = i 01 + i 02 + i 03 , where i 01 is due to the ac voltage source, i Q2 is due to the dc 
voltage source, and i Q3 is due to the ac current source. For i 01 , consider the circuit in 
Fig. (a). 

co = 2000 

50cos(2000t) -> 50Z0° 

40 mH - > jcoL = j (2000)(40 x 10 3 ) = j80 

20 pF > j^C - j ( 2000)(20x 10" 6 ) “ ^ 25 


I -j25 Q I 01 



100 Q 


8011 (60 + 100) = 160/3 

_50_30_ 

“ 160/3+ j80-j25 “ 32 +j33 

Using current division, 

_ -801 _ -1 10Z180° 

Iqi “ 80 + 160 “ T 1 “ 46Z45.9 0 
I 01 =0.217Z134.1° 

Hence, i 01 = 0.217cos(2000t +134.1°) A 

For i 02 , consider the circuit in Fig. (b). 






lo2 80 + 60 + 100 0-1A 


For i 03 , consider the circuit in Fig. (c). 


co = 4000 
2cos(4000t) 
40 mH - 

20 pF - í 


jcoL = j (4000X40 x 10' 3 ) = jl60 
1 1 

jcõc = j (4000X20 xlO' 6 ) = "' Í12 ' 5 


-jl2.5 Q 


2Z0° A 


jl60Q 


!) - 


100 Q 


For mesh 1, 


For mesh 2, 


1=2 


(80 + jl60-jl2.5)I,-jl60I 1 -80I 3 =0 


Simplifying and substituting (1) into this equation yields 
(8 + jl4.75) I 2 - 81 3 = j32 
( 2 ) 


For mesh 3, 


240I 3 - 60I 3 - 80I 2 = 0 


Simplifying and substituting (1) into this equation yields 


I 2 = 3I 3 —1.5 


(3) 



Substituting (3) into (2) yields 

(16 +j44.25)I 3 = 12 + j54.125 


12 + j54.125 
3 “ 16 + j44.25 


1.1782Z7.38 0 


I 03 =-I 3 =-1.1782Z7.38° 

Hence, i Q3 = -1.1782sin(4000t + 7.38°) A 


Therefore, 

i 0 = {0.1 + 0.217 cos(2000t + 134.1°) - 1.1782 sin(4000t + 7.38°)} A 



Chapter 10, Solution 49. 


8sin(200t + 30°) - > 8Z30°, co=200 


5 mH 
lmF 


-> jcoL = j (200)(5 x 10' 3 ) = j 
* jcõc “ j(200)(lxl0' 3 ) 


After transforming the current source, the circuit becomes that shown in the figure below. 

5 Q 3 Q I 



40Z30° 

5 + 3 + j - j5 


40Z30° 

8-j4 


4.472Z56.56 0 


i = [4.472sin(200t+56.56°)] A 




Chapter 10, Solution 50. 


Using Fig. 10.95, design a problem to help other students to better understand source 
transformation. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Use source transformation to find v 0 in the circuit in Fig. 10.95. 


20 Q 0.4 mil 



- AW - 

- 'TíT' - 

5 cos IO 5 /V | 

f) 0.2 pF - 

80 n í 

< 


Figure 10.95 

Solution 


5cos(10 5 t) - 
0.4 mH -» 

0.2 pF -> 


-» 5Z0°, co = 10 5 
jcoL = j(10 5 )(0.4x 10‘ 3 ) = j40 
1 1 

jcõc = j(10 5 )(0.2xl0" 6 ) = " j5 ° 


After transforming the voltage source, we get the circuit in Fig. (a). 

j40Q 



Let 


Z = 20II -j50 = 


-jlOO 

2-j5 


V s = (0.25Z0°)Z 


-j25 

2-j5 


and 



























With these, the current source is transformed to obtain the circuit in Fig.(b). 

Z j40Q 



80 80 J25 

Z + 80 + j 40 S = 2 ÍI 0 ". 80 . J 40' 2 * 

8t 'j 25) = 3.615Z - 40.6° 

36 - j42 

v 0 = 3.615 cos(10 5 t - 40.6°) V 


By voltage division, 



Therefore, 





Chapter 10, Solution 51. 

There are many ways to create this problem, here is one possible solution. Let V i = 
40z30° V, X L = 10 Q, X c = 20 Q, Ri = R 2 = 80 Q, and V 2 = 50 V. 

If we let the voltage across the capacitor be equal to V x , then 

Io = [V x /(—j20)] + [(V x —50)/80] = (0.0125+j0.05)V x - 0.625 = (0.051539z75.96°)V x - 

0.625. 

The following circuit is obtained by transforming the voltage sources. 



V x = (4Z-60°+1.25)/(-j0.1+j0.05+0.025) = (2-j3.4641+1.25)/(0.025-j0.05) 
= (3.25—j3.4641)/( 0.025-j0.05) = (4.75z-46.826°)/(0.055902z-63.435°) 

= 84.97zl6.609° V. 


Therefore, 



I 0 = (0.051539z75.96°)(84.97zl6.609°) - 0.625 = 4.3793z92.569° - 0.625 


= -0.19629l+j4.3749 - 0.625 = -0.82129l+j4.3749 = 4.451zl00.63° A. 



Chapter 10, Solution 52. 


We transform the voltage source to a current source. 
60Z0° 

I =-= 6 — jl2 

s 2 + j4 J 

The new circuit is shown in Fig. (a). 



6(2 + j4) 

Let Z s =611(2 + j4) = g + ^ = 2.4 + jl.8 

V s = I s Z s = (6 - jl2)(2.4 + jl.8) = 36- j!8 = 18(2- j) 


With these, we transform the current source on the left hand side of the circuit to a voltage 
source. We obtain the circuit in Fig. (b). 








With these, we transform the voltage source in Fig. (b) to a current source. We obtain the circuit 
in Fig. (c). 



Using current division, 

Z o 2.4- jO.2 

I =--(I + j5) = —-—— (15.517 -jl.207) 

X r/l/l v o J ' r A o v j ' 


Z 0 +4-j3 


6-4 — j3.2 


I x = 5 + jl.5625 = 5.238Z17.35 0 A 




Chapter 10, Solution 53. 


We transform the voltage source to a current source to obtain the circuit in Fig. (a). 

-j3 Q j4 Q 



(a) 


j8 

Let Z s =4llj2 = ^ = 0.8 + jl.6 

V s = (5Z0°)Z s = (5X0.8 + jl. 6) = 4 + j8 

With these, the current source is transformed so that the circuit becomes that shown in 
Fig. (b). 


Z s -j3 Q j4 Q 



(b) 

Let Z x =Z S — j3 = 0.8 — jl .4 

V 4+ i8 

I = = -3.0769 + j4.6154 

x Z s 0.8-jl.4 

With these, we transform the voltage source in Fig. (b) to obtain the circuit in Fig. (c). 

j4Q 



(c) 

1.6- j2.8 

Z y =2\\Z x = 28 _ J jl 4 = 0.8571- j0.5714 


Let 






V y =I X Z y =(-3.0769 + j4.6154) -(0.8571- j0.5714) = j5.7143 


With these, we transform the current source to obtain the circuit in Fig. (d). 

Zy j4 Q 



Using current di vision, 

V -J 2 y -j2(J5.7143) 

0 Z y +j4-j2 y 0.8571-j0.5714 + j4-j2 


(3.529 -j5.883) V 





Chapter 10, Solution 54. 


50//(—j‘30) = 50a( ■ /30) = 13.24 - y’22.059 
50 - j 30 

We convert the current source to voltage source and obtain the circuit below. 

13.24-j22.059Q 



Applying KVL gives 

-115.91 + j31.058 + (53.24-j2.059)1 -134.95 + j74.912 = 0 


or 


1 = 


-250.86 + yl 05.97 
53.24-y 2.059 


= -4.7817 + yl.8055 


But -V s +(40 + j20)I + V = 0 -> V = V s -(40 +j20)I 

V = 115.91 - 731.05 - (40 + j20)(-4.7817 + 71.8055) = 124.06Z-154" V 


134.95-j74.912V 


which agrees with the result in Prob. 10.7. 





Chapter 10, Solution 55. 




= Z th = 10 + j20 II (-jlO) = 10 + 


(j20)(-jl0) 
j20 — jlO 


= 10 - j20 = 22.36Z-63.43 0 Q 







Z N = Zjb = jlO II (8 - j5) = 


(jlQ)(8 — j5) 
jlO + 8-j5 


10Z26 0 Q 


To obtain V th , consider the circuit in Fig. (d). 


-j5Q 


4Z0° 



By current division, 

8 32 

I =t———— (4Z0°) = 


0 8 +jlO - j5 


8 + j5 


v th =jioi 0 = 


J320 
8 + j5 


= 33.92Z58° V 


In Z ( 


V* 33.92Z58 C 


= 3.392Z32 0 A 


10Z26 0 



Chapter 10, Solution 56. 



Z N = Z th = 6 + j4 II (-j2) = 6 + — 


(j4)(-j2) 


j4-j2 


= 6 — j4 


7.211Z-33.69 0 Q 


By placing short circuit at terminais a-b, we obtain, 

I N = 2Z0° A 

V th = Z th I th = (7.211Z-33.69°)(2Z0°) = 14.422Z-33.69 0 V 

(b) To find Z th , consider the circuit in Fig. (b). 

jlOQ 



(b) 


30II 60 = 20 


Z N = Z th = -j5 II (20 + jlO) = 


(-j5)(20 + jl0) 
20 + J5 


= 5.423Z-77.47 0 Q 



To find V th and I N , we transform the voltage source and combine the 30 Q 
and 60 Q resistors. The result is shown in Fig. (c). 


jlOQ 



= 3.578Z18.43 0 A 


V lh = Z th I N = (5.423Z- 77.47°)(3.578Z18.43 0 ) 

= 19.4Z-59°V 



Chapter 10, Solution 57. 

Using Fig. 10.100, design a problem to help other students to better understand Thevenin and 
Norton equivalent circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the Thevenin and Norton equivalent circuits for the circuit shown in 


Fig. 10.100. 


5 0 T/10O 20 



o 


Figure 10.100 


Solution 


To find Z th , consider the circuit in Fig. (a). 


5 Q -jio a 


20 



(a) 


Z N = Z th =2 + j20 II (5- jlO) = 2 + 


(j20)(5- jlO) 
5 + jlO 


= 1 8 — jl2 = 21.633Z-33.7 0 Q 
















To find V th , consider the circuit in Fig. (b). 

5 Q -jlO Q 2 Q 



j20 

Vth “ 5-jl0 + j20 


(60Z120°) = 


j4 


1 +j2 


(60Z120°) 


= 107.3Z146.56 0 V 


V th 107.3Z146.56 0 
Z th “ 21.633Z-33.7 0 


4.961Z-179.7 0 A 




Chapter 10, Solution 58. 


Consider the circuit in Fig. (a) to find í eq . 



Z eq = 7IO II (8 - 76) 


Q10)(8-j6) 
8 + j’4 


= 5(2 + j) 


= 11.18Z26.56 0 Q 


Consider the circuit in Fig. (b) to find V T hev 



v rfev = 7101 


(jl0)(4 - j'3)(5Z45°) 
( 2)(2 + /') 


= 55.9Z71.56 0 V 



Chapter 10, Solution 59. 


Calculate the output impedance of the circuit shown in Fig. 10.102. 


-i2Q 

io a 



Figure 10.102 
ForProb. 10.59. 

Solution 

Since there are no independent sources, we need to inject a current, best value is 
to make it 1 amp, into the terminais on the right and then to determine the voltage 
at the terminais. 



Clearly V 0 = -(-j2) = j2 and Vi = (0.2V o + l)j40 = (l+j0.4)j40 = -16+j40 V. 


Next, Va b = 10 — j2 - 16 + j40 = -6+j38 = 38.47z98.97 0 V or 


Z eq = (—6+j38) O. 



Chapter 10, Solution 60. 






Therefore, 


\ Thev = V 2 = 9.615Z33.69° V 

To find Z c<r/ , consider the circuit in Fig. (c). 



Z e</ = - j’4 I! (4 +10 II j’5) = - j’4 I 


A . J ' 10 A 

4+ 7 


v 


2 + 7 


Z«, = -J4 II (6 + 7 4) = 2^(6 + 7 4) = (2.667 - j4) Q 


To find \ Thev ,we will make use of the result in part (a). 

V 2 =8 + j5.333 = (8/3)(3 + j2) 

V 1 =(l-j)V 2 +jl 6 = jl 6 + (8/3)(5-j) 

\ rhev = V, - V 2 = 16/3 + 78 = 9.614Z56.31 0 V 



Chapter 10, Solution 61. 


Find the Thevenin equivalent at terminais a-b of the circuit in Fig. 10.104. 


Vi and V 2 



Figure 10.104 
ForProb. 10.61. 


Solution 

Step 1. First we solve for the open circuit voltage using the above circuit and 

writing two node equations. Then we solve for the short circuit current which 
only need one node equation. For being able to solve for V oc , we need to solve 
these three equations, 

-2 + [(Vi—0)/(—j3)] + [(Vi-Voc)/ 4 ] = 0 and 
[(V oc —V i)/ 4 ] - 1.5I X = 0 where I x = [(Vi-0)/(-j3)]. 

To solve for I sc , all we need to do is to solve these three equations, 

-2 + [(V 2 -0)/(-j3)] + [(V 2 -0)/4] = 0, I sc = [V 2 /4] + 1.5I X , and 
Ix = [V2/-j3], 

Finally, Vxhev - V oc and Z e q — Voc/Isc- 
Step 2. Now all we need to do is to solve for the unknowns. For V 0 c, 

I x = j0.33333Vi and (0.25+(1.5)(j0.33333))Vi = 0.25V OC or 

(0.25+j0.5)Vi = (0.55902z63.43 o )V! = 0.25V OC or 



Vi = (0.44721Z-63.43°)Voc which leads to, 

(0.25+j0.33333)Vi - 0.25V OC = 2 
= (0.41666z+53.13 o )(0.44721Z-63.43°)V oc - 0.25V OC 

= (0.186335z-10.3°)V oc - 0.25V O e = (0.183333-0.25-j0.033333)V oc 

= (-0.066667-j0.033333)V oc = (0.074536z-153.435°)V oc = 2 or 

Vqc = V Thev = 26.83Z153.44 0 V = (-24+jl2) V. 

Now for I sc , 

Isc = [V 2 /4] + 1.5I X = (0.25+(1.5)(j0.33333))V 2 = (0.25+j0.5)V 2 . 
[(V 2 -0)/(-j3)] + [(V 2 -0)/4] = 2 = (0.25+j0.3333)V 2 

= (0.41667Z53.13°)V 2 = 2 or V 2 = 4.8Z-53.13° 

I sc = (0.25+j0.5)V 2 = (0.55901z63.435°)(4.8z-53.13°) 



= 2.6832zl0.305° A 


Finally, 


Z eq = Voc/Isc = 26.833zl53.43572.6832zl0.305° 


= 10Z143.13 0 O or = (-8+j6) O. 
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First, we transform the circuit to the frequency domain. 

12cos(t) - > 12Z0°, 0 = 1 

2 H - > jcoL = j2 

Í F j ^=‘ j4 

1 1 


To find Z , consider the circuit in Fig. (a). 


Io 40 


-j4Q 


-j8Q 


At node 1, 


V x v x 1-V X 

- + ^- + 31 =-- 

4 + -j4 + J1 ° j2 ’ 


where I, = ■ 


V x 2 V 1-V x 
Thus, -—— = —— 

-j4 4 j2 


V x =0.4 +jO. 8 


At node 2, 


1 1-V X 

Ix+3I °“-j8 + j2 

I x =(0.75 + j0.5)V x -j^ 

I x =-0.1 + j0.425 


Z eg = — = -0.5246 - j'2.229 = 2.29Z -103.24° Q 




To find V Thev , consider the circuit in Fig. (b). 

3 Io 



At node 1, 


12-V, V, V,-V, 12-V, 

- = 31 + — + —-where I =- 1 

4 0 - j4 j2 0 4 

24 = (2 + j)V 1 -j2V 2 


At node 2, 


V, -V, 


- + 3I = — 


j2 ° -j8 

72 = (6 + j4) V, - j3V 2 


From (1) and (2), 
24 
72 


2 + j -j2 


6 + j4 -j3JLV 2 J 
A = -5 + j6, 

A 2 

V th = V 2 = — 1 = 3.073Z - 219.8° 
A 


A 2 =-j24 


Thus, 


V 0 

V. 


2 (2X3.073Z- 219.8°) 

2+ Z th Vth 1.4754 -j2.229 
6.146Z-219.8° 

-= 2.3Z -163.3° 

2.673Z - 56.5° 


( 1 ) 


( 2 ) 


Therefore, 


v 0 = 2.3cos(t-163.3°) V 




Chapter 10, Solution 63. 


Transform the circuit to the frequency domain. 

4cos(200t + 30°) - > 4Z30°, co=200 

10 H -> jcoL = j(200)(10) = j2 kQ 

1 1 

P jcoC j(200)(5 x 10' 6 ) J 

Z N is found using the circuit in Fig. (a). 

-j kQ 



(a) 

Z N = -j + 2 II j2 = -j +1 + j = 1 kQ 
We find I N using the circuit in Fig. (b). 


-j kQ 



j2 II 2 = 1 + j 

By the current di vision principie, 

I N = -l±l-(4^30°) = 5.657Z75 0 


i N (t) = 5.657 cos(200t + 75°) A 
Z N = 1 kQ 


Therefore, 




Chapter 10, Solution 64. 


Z N is obtained from the circuit in Fig. (a). 




= (60 + 40) II (j80 - j30) = 100II j50 = 


(100)(j50) 
100 + j50 


Z N = 20 + j40 = 44.72Z63.43 0 Q 



I s = 3Z60° 

For mesh 1, 

1001 , -60I S = 0 
I, =1.8Z60° 

For mesh 2, 

(j80 — j30)I 2 - j80I s = 0 
I 2 = 4.8Z60° 


I N = I 2 -Ii = 3Z60° A 



Chapter 10, Solution 65. 

Using Fig. 10.108, design a problem to help other students to better understand Norton’s 
theorem. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Compute i 0 in Fig. 10.108 using Norton's theorem. 



Solution 


-> 5Z0°, co =2 


5cos(2t) - 

4 H -> jcoL = j(2)(4) = j8 

1 1 


1 

4 F 
1 


jcoC j (2)(1 / 4) 

_I_ 1 

j^C" j(2)(l/2) 


= -j2 


= -J 


To find Z N , consider the circuit in Fig. (a). 


-j2Q 


2Q 

-AAAr 


-<N 


-j & 


(a) 





























-j(2 - j2) 1 

Z N = -j II (2 — j2) = 2-j3 = l3 (2 ~ jlQ) 


To find I N , consider the circuit in Fig. (b). 



The Norton equivalent of the circuit is shown in Fig. (c). 



j8Q 


Using current di vision, 

Z N _ (1/13)(2-jl0)(j5) _ 50 +jlO 
0 Z N +j8 N (1/13)(2 -jl0) + j8 2 + j94 
I 0 =0.1176-j0.5294 = 05422-77.47° 


Therefore, i 0 = 542 cos(2t - 77.47°) mA 





Chapter 10, Solution 66. 

co = 10 

0.5 H -» jcoL = j(10)(0.5) = j5 

1 1 

10 mF -> -=-— = -jlO 

jcoC j(10)(10xl0- 3 ) J 

To find Z th , consider the circuit in Fig. (a). 



V x V Y 

1 + 2V =-r + - 


1 + 


19 V 


10-jl0 j5 


j5 10-jlO’ 


■ = -f —> v„ 


-10 + jlQ 
21 + j2 


where V 0 


IQVx 

10 -jl0 


V x 14.142Z135 0 
T = 21.095Z5.44 0 


670Z129.56 0 mQ 


To find V th and I N , consider the circuit in Fig. (b). 



(10 - jlO + j5) I - (10)(-j2) + j5 (2 V 0 ) -12 = 0 
V o =(10)(-j2-I) 


where 




Thus, 


(10-jl05)1 = -188 — j20 
188 + j20 
" -10 +jl05 

V th = j5 (I + 2V 0 ) = j5 (-191 - j40) = -j951 + 200 
v _ - j95(188 + j'20) | 200 _ (95Z-90 o )(189.06Z6.07°) | 2QQ 
,h -10+ 7 105 105.48Z95.44 

= 170.28Z -179.37° + 200 = -170.27 - j\ .8723 + 200 = 29.73 - j\ .8723 

V th = 29.79Z-3.6 0 V 


V f/ , _ 29.79Z-3.6 0 
Z lh ~ 0.67Z129.56 0 


44.46Z-133.16 0 A 



Chapter 10, Solution 67. 


Z N = Z Th = 10//(13 - ,/5) +12/7(8 + 76 ) = 


10(13-75) _ 12(8 + 76 ) 


+ 


23-75 20 + 76 


— = 11.243 + 71 . 079 a 


V a = 10 (60Z45°) = 13.78 + j21.44. V b = (8 + j6) (60Z45°) = 12.069 + j26.08a 

23 - j5 20 + j6 


V Th = V a -V b = 1.711 -74.64 = 4.945Z-69.76° V, 

r V Th 4.945Z - 69.76° „„„ 0 , „ „„„ t 

I „ = -2- = -= 437.8Z - 75.24° m V 

N Z Th 11.295Z5.48 0 - 



Chapter 10, Solution 68. 



jl0//(-j2) = Jl ° ( j2) =-j2.5 
jl 0 — j2 

V o =4I o x(-j2.5) = -jl0I o 


-6 + 4I o +-V o =0 


( 1 ) 

( 2 ) 


Combining (1) and (2) gives 


4-jl0/3 


V Th =V 0 = —jlOI 0 =-= 11.52Z-50.19° 

in ° j ° 4 _ j 10/3 


v Th = 11.52sin(10f - 50.19°) 




To find Rjh, we inserí a 1-A source at terminais a-b, as shown below. 


I 0 4Q 



41 


o 


+ -V 0 =0 
3 



V V 

1 + 4I 0 =^ + -^ 

-j2 jlO 

Combining the two equations leads to 


V, 


1 

0.333 + j0.4 


1.2293 -jl .4766 

Z Th =-*- = 1.2293 -1.477Q 



Chapter 10, Solution 69. 


This is an inverting op amp so that 


Vo 

V 


-R 

Vjrâc 


-jcoRC 


When V s = V m and co = 1/RC , 
1 


V 0 = - j • — • RC • y ffi = - j y m = y m Z - 9 ° c 


Therefore, 

v 0 (t) = V m sin(cot - 90°) = - V m cos(o)t) 



Chapter 10, Solution 70. 

Using Fig. 10.113, design a problem to help other students to better understand op amps in AC 
circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

The circuit in Fig. 10.113 is an integrator with a feedback resistor. Calculate v 0 (t) if v s = 
2 cos 4 x 10 4 í V. 


100 kQ 



Figure 10.113 

Solution 


This may also be regarded as an inverting amplifier. 

-> 2Z0°, (0= 4xl0 4 
1 


2cos(4x 10 4 t) 
10 nF -> 


1 


jcoC j(4x 10 4 )(10x 10' 9 ) 


= -j2.5 kQ 



where Z ( = 50 kQ 


and Z f = 100k II (-j2.5k) = 


-jioo 

40-j 


kQ. 


Thus, 


V 0 -(-j2) 

V s 40-j 


If V s =2Z0°, 





















y 


o 


j4 

40-j 


4Z90° 

40.01Z -1.43° 


0.1Z91.43 0 


Therefore, 

v o (t) = 100 cos(4xl0 4 1 + 91.43°) mV 



Chapter 10, Solution 71. 


8cos(2t + 30°) -> 

0. 5jliF -> 

jcoC 

At the inverting terminal, 


8Z30° 

1 

j2x0.5xl0“ 6 


jlMQ 


V o -8Z30° V 0 -8Z30° _ 8Z30° 

- jlOOOk lÕk 2k ’ 

V 0 (1 - jlOO) = 8Z30 + 800Z - 60° + 4000 Z - 60° 


Vn 


6.928+ j4 +2400-j4157 
1-jlOO 


4800Z -59.9° 
100Z- 89.43° 


48Z29.53 0 


Vo (t) = 48cos(2t+29.53°) V 



Chapter 10, Solution 72. 


4cos(10 4 t) -> 4Z0°, co = 10 4 

1 1 


InF 


jcoC j(10 4 )(10 9 ) 
Consider the circuit as shown below. 


= -jlOO kQ 


4Z0° 


At the noninverting node, 


4-V 0 V„ 


50 - jlOO 

V. 4 


-> V.. = 



Io 

100 kQ 


I = 


100k (100)(1 + j0.5) 


0 l + j0.5 

mA = 35.78Z - 26.56° pA 


Therefore, 


i Q (t) = 35.78cos(10 4 t-26.56°) pA 
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As a voltage follower, V 2 = V u 


C 1 = 10 nF 


C, = 20 nF 


1 


1 


= -j20 kQ 


jcoC, j(5x 10 3 )(10x 10‘ 9 ) 

_ 1 _ 1 _ 

jcoC 2 j(5x 10 3 )(20x 10‘ 9 ) jlOkQ 


Consider the circuit in the frequency domain as shown below. 

-j20 kQ 



At node 1, 

V,-Vi _ Vi-Vq Vi-V, 

10 -j20 20 

2 V s = (3 + j)V! - (1 + j)V Q 

( 1 ) 


At node 2, 


V, -V. V-0 


20 - jlO 

V 1 =a + j2)V 0 

Substituting (2) into (1) gives 


( 2 ) 


2V s =j6V 0 or V 0 =-j-V s 


v 1 = a+j 2 )v 0 = 


2 .1 
V3~' í 3^ 




y s -V! (1/3X1+ j) y 

10k 10k s 

1 + j 

30k 


ÍL.^.isa-sk 

Is 1 + J 

21.21Z-45 0 kQ 
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z,=r 1+7 


A v =- 


jcoC, ’ 


_-Zf _ 

Ro + 

- jcoC 2 

Zi 

Rt+ 1 
jcoCj 


z f - r 2 +■ 


Cl I í 1 + jcoR 2 C 2 

. c 2 J l 1 + jcoRiCi 


At co = 0, 


A -A 

A '~ c. 


As co —» oo, 


A =- 


At co = 


__ÍC 1 V l + jR 2 C 2 /R 1 C 1 

v lc 2 A 1+j 


At co = 


R 2 C 2 


í \t i , • 

A = _ Çl _l±i_ 

v Ic.JU + jRA/RA 
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co = 2 x 10 3 


C t =C 2 =lnF 


1 

jcoC, 


1 

j(2xl0 3 )(lxl0' 9 ) 


= -j500 kQ 


Consider the circuit shown below. 


Let V s = 10V. 100 kQ 



At node 1, 

[(V,-10)/(-j500k)] + [(V i-V o )/10 5 ] + [(V !-V 2 )/ (—j500k)] = 0 
or(l+j0.4)Vi-j0.2V 2 -V o =j2 (1) 


At node 2, 

[(V 2 -Vi)/(-j500k)] + [(V 2 -0)/100k] + 0 = 0 or 
-j0.2V i + (l+j0.2)V, = 0 or Vi = [-(l+j0.2)/(-j0.2)]Vo 
= (H5)V 2 


At node b. 


R V 

Vb = —= V 2 

R 3 +R 4 ° 3 


From (2) and (3), 

Vi =(0.3333-jl.6667)V o 


( 2 ) 

(3) 

(4) 


Substituting (3) and (4) into (1), 

(l+j0.4)(0.3333-jl.6667)V o - j0.06667V o - V 0 =j2 


(l+j0.4)(0.3333-j 1.6667) = (1.077Z21.8°)(1.6997Z-78.69°) 
= 1.8306Z-56.89 0 = 1-j 1.5334 




(l-l+j(-1.5334-0.06667))V o = (-jl.6001)V o = 1.6001Z-90 0 


Therefore, 

V 0 = 2Z907( 1.6001Z-90°) = 1.2499Z180 0 


Since V s = 10, 


V 0 /V s = 0.12499Z180 0 . 



Chapter 10, Solution 76. 


Let the voltage between the -jkQ capacitor and the 10kQ resistor be Vi. 

2Z30° - Vj Vi-V 0 | Vt-Vç, _ > 

- j4k 10k 20k (1) 

2Z30° = (1 - j0.6)V 1 + j0.6V o 
= 1.7321+jl 


Also, 

Vi - V V 

V 1 v o _ v o 

10k ~-j2k 


v^a+j^ 


( 2 ) 


Solving (2) into (1) yields 

2Z30° = (1 - j0.6)(l + j5)V 0 + j0.6V o = (1 + 3 - j0.6 + j5 + j6)V 0 

= (4+j5)V 0 

2/30° 

V„ =-= 0.3124Z-21.34° V 

6.403Z51.34 0 - 

= 312.4Z-21.34 0 mV 

I Q = (V 1 -V o )/20k = V 0 /(-j4k) = (0.3124/4k) Z (-21.43+90)° 

= 78.1Z68.57° pA 


We can easily check this answer using MATLAM. Using equations (1) and (2) we can 
identify the following matrix equations: 

YV = I where 

» Y=[l-0.6i,0.6i;l,-l-0.5i] 

Y = 

1.0000-0.6000Í 0 + 0.6000Í 

1.0000 -1.0000-5.0000Í 

»I=[1.7321+li;0] 

1 = 

1.7321 + 1.0000Í 

0 



» V=inv(Y)*I 


V = 

0.8593+ 1.3410Í 

0.2909 - 0.1137Í = V 0 = 312.3Z-21.35° mV. The answer checks. 



Chapter 10, Solution 77. 

Consider the circuit below. 



At node 1, 


V s -V, 

^-^ = jcoCV, 
V s =(l + j(oR 1 C I )V 1 


At node 2, 


o-v, v^v. 


R. 


R- 


+ jcoC 2 (Vj - V 0 ) 




R 3 

+ jcoC 2 R 3 

V^2 2 


V., = 


1 + 


1 


V (R 3 /R 2 ) + jcoC 2 R 3 y 


V, 


From (1) and (2), 


V„ = 


° 1 + jcoRjCj 


R 2 

1 +--- 

V R 3 + j coC 2 R 2 R 3 ) 


( 1 ) 


v 0 _ R 2 +R, + jtúC 2 R 2 R 3 

y s _ (1 +jcoRjC^ÍR, + jo>C 2 R 2 R 3 ) 




Chapter 10, Solution 78. 

2 sin(400t) — 


2 sin(400t) - > 2Z0°, co=400 

1 1 

0.5 uF - > -=-— = 

P jcoC j (400X0.5 x IO' 6 ) 

1 1 

0.25 uF - > -=-— 

F jcoC j(400)(0.25 x 10' 6 ) 

Consider the circuit as shown below. 


0.25 pF 


^ = -j5kQ 


^7 = -jl0kQ 


20 kQ 


10 kQ 


Vi ' j5 ^ Q V 2 


2 zo°v 


-jio kQ 


10 kQ 


40 kQ 


At node 1, 


2-V, _ V, | V,-V 2 | V,-V„ 
10 -jio - j5 20 
4 = (3 +j6)Vj - j4V 2 -V 0 


At node 2, 


V 1 -V 2 _V2 
- j5 10 
V I =(l-j0.5)V 2 


20 kQ 


20 1 
V =-V = — V 

2 20 + 40 0 3 0 

From (2) and (3), 

V ‘ = ^'(l-j°-5) V o 

Substituting (3) and (4) into (1) gives 

4 = (3 + j6)A(l-j0.5)V o -j|v o -V o 


i+h v„ 

o y 


V 0 =-—: = 3.945Z-9.46 0 


Therefore, 


v 0 (t) = 3.945sin(400t-9.46°) V 




Chapter 10, Solution 79. 

0.5cos(1000t) 


■> 0.5Z0°, co = 1000 


0.1 pF -> 

0.2 pF -> 

Consider the circuit 


jcoC “ j(1000)(0.1xl0- 6 )- jl ° kQ 

_l_1_ 

jcoC “ j(1000X0.2x IO' 6 ) “ " j5 kQ 

shown below. 


20 kQ 



Since each stage is an inverter, we apply V o = —2-V. to each stage. 


V 0 -^V 


j5 


1 


and 


-20IKJ10) 
1 10 


( 1 ) 


( 2 ) 


From (1) and (2), 
V = 


í' j8 l 

f 

110 J 

o 

1 

o 

CO 


0.5Z0 0 

V 0 =1.6(2+ j) = 35.78Z26.56° 

v (t) = 3.578cos(1000t + 26.56°) V 


Therefore, 


< + 




Chapter 10, Solution 80. 


4cos(1000t-60°) 


0.1 pF 


1 

jcoC 


0.2 pF 


1 

j«C 


-> 4Z - 60°, co = 1000 
1 

-— = -jl0kQ 

j(1000)(0.1xl0- 6 ) J 

j (1000X0.2 x 10‘ 6 ) ~"^ 5 kQ 


The two stages are inverters so that 


V. = 


20 20 
v _. (4 Z-6 0 » ) + -V„ 


YjS) 

A io J 


^•(j2)-(4Z-60°) + ^-|y o 


(l + j/5)V o =4Z-60° 

4Z - 60° 

V 0 =-—— = 3.922Z-71.31° 

l + j/5 

Therefore, v o (t) = 3.922 cos(1000t - 71.31°) V 



1 


Chapter 10, Solution 81. 


We need to get the capacitance and inductance corresponding to -j2 Q and j4 Q. 

~/2 ->• C = —*— = — = 0.5F 

ú)X c 1x2 

j4 -> L = —^ = AH 

co 


The schematic is shown below. 



When the circuit is simulated, we obtain the foliowing from the output file. 


FREQ VM(5) VP(5) 

1.592E-01 1.127E+01 -1.281E+02 

From this, we obtain 


Vo = 11.27Z128.1 0 V. 













































































Chapter 10, Solution 82. 


The schematic is shown below. We insert PRINT to print V 0 in the output file. For AC 
Sweep, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After 
simulation, we print out the output file which includes: 


FREQ 

VM($N_0001) 

VP($N_0001) 

1.592 E-01 

7.684 E+00 

5.019 E+01 

which means that 

V 0 = 7.684Z50.19 0 V 



AC=yes LI 



GAIN=0.2 




Chapter 10, Solution 83. 


The schematic is shown below. The frequency isf = cu/ 2 71 = 


1000 

2n 


159.15 



When the circuit is saved and simulated, we obtain from the output file 

FREQ VM(1) VP(1) 

1.592E+02 6.611E+00 -1.592E+02 


Thus, 


v Q = 6.611cos(1000t - 159.2°) V 












































Chapter 10, Solution 84. 


The schematic is shown below. We set PRINT to print V 0 in the output file. In AC 
Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After 
simulation, we obtain the output file which includes: 


VP($N_0003) 


E+02 


FREQ 
1.592 E-01 


VM($N_0003) 
1.664 E+00 


- 1 . 6 ‘ 


Namely, 


V 0 = 1.664Z-146.4 0 V 



Chapter 10, Solution 85. 


Using Fig. 10.127, design a problem to help other students to better understand performing AC 
analysis with PSpice. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Use PSpice to fmd V 0 in the Circuit of Fig. 10.127. Let Ri = 2 Q, R 2 = 1 £2, R 3 = 1 Q, R 4 = 2 £2, 
I s = 2Z0° A, X L = 1 £2, and X C =1Q. 

Solution 

The schematic is shown below. We let co — 1 rad/s so that L=1H and C=1F. 



-rei 

When the Circuit is saved and simulated, we obtain from the output file 

FREQ VM(1) VP(1) 

1.591E-01 2.228E+00 -1.675E+02 

V 0 = 2.228Z-167.5 0 V. 


From this, we conclude that 





















































Chapter 10, Solution 86. 


The schematic is shown below. We inserí three pseudocomponent PRINTs at nodes 1, 2, 
and 3 to print Vi, V 2 , and V 3 , into the output file. Assume that w = 1, we set Total Pts = 
1, Start Freq = 0.1592, and End Freq = 0.1592. After saving and simulating the circuit, 
we obtain the output file which includes: 


VP($N_0002) 

E+01 


VP($N_0003) 

E+01 


FREQ 
1.592 E-01 

FREQ 
1.592 E-01 


VM($N_0002) 
6.000 E+01 

VM($N_0003) 
2.367 E+02 


VP($N_0001) 

E+02 


FREQ 
1.592 E-01 


VM($N_0001) 
1.082 E+02 


3.000 


-8.483 


1.254 


Therefore, 


V! = 60Z30°V V 2 = 236.7Z-84.83 0 V V 3 = 108.2Z125.4 0 V 





Chapter 10, Solution 87. 


The schematic is shown below. We inseri three PRINTs at nodes 1, 2, and 3. 

We set 

Total Pis = 1, Start Freq = 

0.1592, End Freq = 

0.1592 in the AC Sweep box. 

After 

simulation, the output file includes: 




FREQ 

VM($N_0004) 


VP($N_0004) 

1.592 E-01 

1.591 E+01 

1.696 

E+02 

FREQ 

VM($N_0001) 


VP($N_0001) 

1.592 E-01 

5.172 E+00 

-1.386 

E+02 

FREQ 

VM($N_0003) 


VP($N_0003) 

1.592 E-01 

2.270 E+00 

-1.524 


Therefore, 


V, = 15.91Z169.6 0 V V 2 = 5.172Z-138.6 0 V V 3 = 2.27Z-152.4 0 V 





Chapter 10, Solution 88. 


The schematic is shown below. We inserí IPRINT and PRINT to print I Q and V 0 in the 
output file. Since w = 4, f = w/2tc = 0.6366, we set Total Pts = 1, Start Freq = 0.6366, 
and End Freq = 0.6366 in the AC Sweep box. After simulation, the output file includes: 






Chapter 10, Solution 89. 


Consider the circuit below. 



At node 1, 

0-Vin 3^2 
Ri R 2 
R, 

-v in +v 2 =^v in 

( 1 ) 


At node 3, 


V _v v _v 

T 2 y m y in ’ 4 


R 3 1/jcoC 

V -V 

. V +y =—-- 

m 4 jcoCR 


3 

( 2 ) 


From (1) and (2), 


-R 


■ V + V = 
m 4 jcoCR 3 R, 


Thus, 


I = 


V,, -V , 


R- 


R 4 jcoCR^R^ 


V in jcoCRjR 3 R 4 . 

z 1 —r— 


eq 


_ RjR^RjC 

eq R, 


where 




Chapter 10, Solution 90. 


Let 


Z 4 =R 


1 R 

jcoC 1 + jcoRC 

1 1 + jcoRC 

Z, = R +-= —-- 

jcoC jcoC 


Consider the circuit shown below. 



V =- 1 —V. --—v. 

0 Z 3 +Z 4 1 r,+r 2 1 

R 

Vq_ 1+ jcoC R 3 

V, R 1 + jtoRC Rj+R 2 
1 + jcoC jcoC 

_ jcoRC R 2 

jcoRC + (1 + jcoRC)" Rj + R, 

V 0 _ jcoRC R 2 

V; 1-co 2 R 2 C 2 + j3coRC Rj+R 2 


For V 0 and V, to be in phase, must be purely real. This happens when 

1 - co 2 R 2 C 2 =0 
1 

CO = —— = 27tf 
RC 


or 


f 


2tiRC 




At this frequency, 



l R 2 

3 R 1 + R 2 



Chapter 10, Solution 91. 


(a) Let V 2 = voltage at the noninverting terminal of the op amp 

V Q = output voltage of the op amp 
Z p = 10 kQ = R 0 

z - =R + jroL+ j^c 


As in Section 10.9, 

V _ z p _ R. 

V 7+7 

0 s p R + R 0 + jcoL- 

V 2 _ coCRq 

V 0 coC (R + R 0 ) + j (co 2 LC -1) 


j 

coC 


For this to be purely real, 

co^LC-l = 0 > (£>0= ^JhC 


° 2ttVlC 27t a /(0.4x10 3 )(2x10 9 ) 

f Q = 180 kHz 


(b) 


At oscillation, 

V 2 _ co 0 CR 0 _ R 0 
V 0 co 0 C(R + R 0 ) R + R 0 

This must be compensated for by 



R 


O 


1 


R + R„ 5 


> R = 4R„ = 40 k? 



Chapter 10, Solution 92. 


Let 


V 2 = voltage at the noninverting terminal of the op amp 
V 0 = output voltage of the op amp 


Z s = R 0 

Z p = jcoL II 


1 



1 


1 

— + icoC + 
R J 


1 

jcoL 


coRL 

coL +jR(orLC-l) 


As in Section 10.9, 

coRL 

V 2 Z p _ coL +jR(co 2 LC-l) 

V “ Z + Z ~~ coRL 

0 s p R +- 

° coL + jR(co 2 LC-l) 

V 2 _ coRL 

V 0 “ coRL + coR 0 L+jR Q R(co 2 LC-l) 


For this to be purely real, 

co 2 LC = l -> f 0 


1 

2ttVlC 


(a) At co = co o , 

V 2 = cQqRL = R 
V 0 co 0 RL + co 0 R 0 L R + R 0 


This must be compensated for by 


v 0 R f 

A „ = -r- = 1 + —- = 1 + - 


R 


1000k 

100k 


= 11 


(b) 


Hence, 

R 1 

V 


R + R 0 11 

-7 

f = — 

l 



27cV(10x10 6 )(2x10 9 ) 


10R 


100 k? 


f = 1.125 MHz 



Chapter 10, Solution 93. 


As shown below, the impedance of the feedback is 

j?L 



In order for Z T to be real, the imaginary term must be zero; i.e. 
C, +C 2 -co;LC 1 C 2 = 0 

a _ c 1 +c 2 _ 1 

030 LC t C 2 LC X 

1 

f =- 

0 2n^LC T 



Chapter 10, Solution 94. 


If we select Cj = C 2 = 20 nF 


c,c, c, 

C T =— L ^ = —= 10 nF 
T C,+C 2 2 


Since f„ = 


2n-yJhC T ' 


L = 


1 


1 


(27if) 2 C T (4 ti 2 )(2500x10 6 )(10x10 9 ) 


= 10.13 mH 


X, = 


1 


1 


coC 2 (2 tc)( 50 x 10 3 )(20 x 10' 9 ) 


= 159? 


We may select R; = 20 kQ and R f > R ; , say R f = 20 kQ. 

Thus, 

Cj = C 2 = 20 nF, L= 10.13 mH R f =R t = 20k? 



Chapter 10, Solution 95. 

First, we find the feedback impedance. 

C 




co„ = 2nf. 



Chapter 10, Solution 96. 


(a) Consider the feedback portion of the circuit, as shown below. 



Applying KCL at node 1, 

Vo-y vi, Vi 

jcoL R R + jcoL 


V„-V 1 =j«LV 1 ^- + —- 


j2coRL - co 2 L 2 ^ 

0 \ R(R + jcoL) J 

( 2 ) 

From (1) and (2), 

f R + ícolY j2coRL-co 2 L 2 1 

V n = —2- 1 + 2- : - y 7 

V jcoL yv R(R + jcoL) ) 

V Q R 2 + jcoRL + j2coRL - orL 2 
V 2 jcoRL 

V 2 _ 1 

V R 2 -co 2 L 2 

0 3 +- 

jcoRL 

V 2 1 

y o 3 + j(coL/R - R/coL) 



must be real, 


(b) 


Since the ratio 
co o L 



R 

co 0 L = 


co o L 

R 2 

co o L 


= 0 


co„ = 2nf „ 


R 

L 


(c) When co = co 0 
V^ = l 

V 0 3 


R 

2nL 


This must be compensated for by A v = 3. But 


R, 

A = 1 + —- = 3 
R, 


R 2 =2R 1 



Chapter 11, Solution 1. 


v(t) = 160cos(50t) 

i(t) = -33sin(50t-30°) = 33cos(50t-30°+180°-90°) = 33cos(50t+60°) 
p(t) = v(t)i(t) = 160x33cos(50t)cos(50t+60°) 

= 5280(l/2)[cos(100t+60°)+cos(60°)] = [1.320+2.640cos(100t+60°)] kW. 
p = [V m I m /2]cos(0-60°) = 0.5x160x33x0.5 = 1.320 kW. 



Chapter 11, Solution 2. 

Using current division, 


j 1 £2 I 2 li 



For the inductor and capacitor, the average power is zero. For the resistor, 
P = ^ |/j | 2 /? = ^(1.029) 2 (5) = 2.647 W 
V n =5I l = -2.6471- 7*4.4118 

5 = |V 0 7* = |(-2.6471 - /'4.4118)x2 = -2.6471 - ;4.4118 


Hence the average power supplied by the current source is 2.647 W. 



Chapter 11, Solution 3. 


90 //F 



■> — =- \ - T =-75.5556 

jcoC j 90*10^2*10 3 


1= 160/60 = 2.667A 


The average power delivered to the load is the same as the average power absorbed by 
the resistor which is 


P avg = 0.5III 2 60 = 213.4 W. 




Chapter 11, Solution 4. 


Using Fig. 11.36, design a problem to help other students better understand instantaneous 
and average power. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Find the average power dissipated by the resistances in the Circuit of Fig. 11.36. 
Additionally, verify the conservation of power. Note, we do not talk about nns values of 
voltages and currents until Section 11.4, all voltages and currents are peak values. 


5 Q 


20Z30° 



8Q 


-j6 Q 


Figure 11.36 For Prob. 11.4. 


Solution 


We apply nodal analysis. At the main node, 



Vo 


20Z30 0 



j4 n 


8 Cl 





20<30"-V V V 

-^ = ^ +—2_ -> v =5.152+ /10.639= 11.821Z64.16 0 

5 j 4 8 - j6 

For the 5-Q resistor, 

20 < 30° -V 

Z, = — -— = 2.438 < -3.0661° A 

1 5 

The average power dissipated by the resistor is 

P, = —| /, | 2 R, =-x2A3S 2 x5 = 14.86 W 
1 2 1 1 2 - 

For the 8-Í2 resistor, 

I 2 = V 0 /(8-j6) = (11.812/10)Z(64.16+36.87)° = 1.1812Z101.03 0 A 
The average power dissipated by the resistor is 

P 2 = 0.5|I 2 | 2 R 2 = 0.5(1.1812) 2 8 = 5.581 W 
The complex power supplied is 

S = 0.5(V s )(Ii)* = 0.5(20Z30°)(2.438Z3.07°) = 24.38Z33.07 0 

= (20.43+13.303) VA 


Adding Pi and P 2 gives the real part of S, showing the conservation of power. 
P = 14.86+5.581 = 20.44 W which checks nicely. 



Chapter 11, Solution 5 



8Z - 40° 

in ~ [| j6(2-j2) 
j6 + 2 - j2 


1.6828Z - 25.38° 


_ 1.6828 2 
Pln _ 2 


1 = 1.4159 W 


Pin = 1.4159 W 

P3H = P 0.25F = 0 W 


|l 2 n| =-—-1.6828Z-25.38° =2.258 

11 j6 + 2 - j2 

~ —2 = 5.097 W 


P 2£2 = 5.097 W 




Chapter 11, Solution 6. 


20 mH -> jcoL = yi 0 3 x20xl 0 3 = /20 

40pF -> — =--—--- = —j25 

j®C jl O 3 x40xl0 -6 

We apply nodal analysis to the Circuit below. 





Chapter 11, Solution 7. 


Applying KVL to the left-hand side of the circuit, 
8Z20°=4I o +0.1V o 

Applying KCL to the right side of the circuit, 

V, V, 

81 + —+-— = 0 

° j5 10-j5 

10 10-j5 

But V =-V _> V =-— V 

V ° 10-j5 1 > Vl 10 0 

10 -j5 V 0 

Hence, 8I o+ -^V ü+ - = 0 

I o =j0.025V o 


Hence, 


Substituting (2) into (1), 

8Z20° = 0.1 V 0 (1 +j) 

80Z20° 
v ” = — 


y !L = _8_ 

10 V2 


I : =-^-=-j= Z - 25 c 



64 

T 


(10) = 160W 


( 1 ) 



Chapter 11, Solution 8. 


We apply nodal analysis to the following circuit. 


6Z0° 


At node 1, 

At node 2, 

But, 

Hence, 


°- 5I - +I - = « 


V, V! - V, 

6 = ~~~ + . ~ V, = jl20-V, 

jlO - j20 

V, 

I V| ~ V2 
° -j20 

1.5(V 1 -V,) _ V 2 

- j20 40 

3Vj = (3-j)V 2 


Substituting (1) into (2), 

j360 - 3V 2 - 3V 2 + j V 2 =0 
j360 360 

V, =--=-(-1+ j6) 

2 6-j 37 v J 1 


V 2 9 


l 2 - - 0-7 (-! + j6) 


40 37 


í r, \ 2 


1 I 12 1 

P = - I, R = —i /— 
2 1 21 21V377 


(40) = 43.78 W 



I 2 

40 Q 


( 1 ) 


( 2 ) 



Chapter 11, Solution 9. 


This is a non-inverting op amp circuit. At the output of the op amp, 


V, = 


f z^ 

f 

1+-^- 

y = 

V Z l J 

s 

V 


1 + 


(10 + j6)xl0 
(2 + j4)xL0 3 
The current through the 20-kç resistor is 


.3 A 


(8.66 + j5) = 20.712 + ./28.124 


1= - 2 -= 0.1411+ /1.491mA or II 0 | = 1.4975 A 

0 20k-jl2k 

P = [II 0 I 2 /2]R = [1.4875 2 /2]10~ 6 x20xl0 3 


= 22.42 mW 



Chapter 11, Solution 10. 


No current flows through each of the resistors. Hence, for each resistor, 

P = 0 W . It should be noted that the input voltage will appear at the output of 
each of the op amps. 



Chapter 11, Solution 11. 


co= 377, R = 10 4 , C = 200 x 10" 9 
coRC = (377)(10 4 )(200 x10 9 ) = 0.754 
tan '(coRC) = 37.02° 

1 Ok 

Z nb = , - 37.02° = 7.985Z - 37.02° kQ 

Vl + (0.754) 2 

i(t) = 33sin(377 1 + 22°) = 33cos(377r - 68°) mA 
I = 33Z-68° mA 

c _ I 2 Z ab _ (33.d0 3 ) 2 (7.985Z -37.02°) xlO 3 

u — — 

2 2 

S = 4.348Z-37.02 0 VA 

P = |s|cos(37.02) =3.472 W 



Chapter 11, Solution 12. 


We find the Thevenin impedance using the Circuit below. 


j 2 Q 



We note that the inductor is in parallel with the 5-Q resistor and the combination 
is in series with the capacitor. That whole combination is in parallel with the 4-Q 
resistor. Thus, 


J Thev 


v 5 + j2j 


4 - j3 + 


5xj2 


4(0.6896-jl .2758) 
4.69-jl .2758 


5 + j2 
= 1.1936Z-46.39° 


4(1.4502Z-61.61°) 
4.86Z-15.22° 


Z T hev = 0.8233 -j0.8642 or Z L = [823.3 + j864.2] míí. 
Weobtain V T h using the Circuit below. We apply nodal analysis. 

,/2 Q 





V 2 -165 V 2 -165 V 2 —0 n 

— -+ —-+ —-= 0 

4~./3 j 2 5 

(0.16 + j0.12- j0.5 + 0.2)V 2 =(0.16 + j0.12-j0.5)165 4.125 
(0.5235Z - 46.55°)V 2 = (0.4123Z - 67.17°)165 


Thus, V 2 = 129.94Z-20.62°V = 121.62—j45.76 

I = (165 - V 2 )/(4 - j3) = (165 - 121.62 + j45.76)/(4 - j3) 

= (63.06Z46.52°)/(5Z-36.87°) = 12.613Z83.39 0 = 1.4519+j 12.529 

VThev = 165 - 41 = 165 - 5.808 - j50.12 = [159.19 - j50.12] V 
= 166.89Z-17.48°V 

We can check our value of Vxhev by letting V i = V T hev Now we can use nodal 
analysis to solve for V i. 

At node 1, 

YiZlÈl + YlzYi + Yizl = o _> (0.25 + 7'0.3333 )Vj + (0.2 - j0.3333)K = 41.25 
4 - ,/3 5 

At node 2, 

Yl^Yi + V 2 ~ 165 = o -j0.3333V t + (—70.1667)^2 = -j 82.5 
- j 3 j 2 


» Y=[(0.25+0.3333i),-0.3333i;-0.3333i,(0.2-0.1667i)] 

Y = 

0.2500+ 0.3333Í 0 - 0.3333Í 

0 - 0.33331 0.2000-0.1667Í 

» I=[41.25;—82.5i] 

1 = 

41.2500 

0 -20.0000Í 

» V=inv(Y)*I 

V = 



159.2221 -50.1018Í 
121.6421—45.76771 


Please note, these values check with the ones obtained above. 
To calculate the maximum power to the load, 

|I L | = (166.89/(2x0.8233)) = 101.34 A 

Pavg = [(|IlU) 2 0.8233]/2 = 4.228 mW. 



Chapter 11, Solution 13. 

For maximum power transfer to the load, Zl = [120 - j60] Q. 
I L = 165/(240) = 0.6875 A 

Pav g = [IIlI 2 120]/2 = 28.36 W. 



Chapter 11, Solution 14. 


Using Fig. 11.45, design a problem to help other students better understand maximum 
average power transfer. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

It is desired to transfer maximum power to the load Z in the Circuit of Fig. 11.45. Find Z 
and the maximum power. Let i s = 5 cos 40/ A. 

40 mF 8 Í2 



Figure 11.45 For Prob. 11.14. 

Solution 

We find the Thevenin equivalent at the tenninals of Z. 

40 mF -> —=--- t = j0.625 

jcoC j'40.r40.rl0 3 

7.5 mH - > jcoL = j‘40x7.5xl0 3 = j'0.3 

To find Zth, consider the Circuit below. 

-j0.625 8 Q. 





Z Th = 8 - 70.625 +12// ,/0.3 = 8 - j0.625 + 


12+0.3 


= 8.0075-jO.3252 


12 + 0.3 

Z L = (Zjhev)* = [8.008 + jO.3252] Í2. 

To find Yjh, consider the circuit below. 


-j0.625 8 D. 



By current division, 

li = 5(j0.3)/(12+j0.3) = 1.5Z90 Y12.004Z 1.43° = 0.12496Z88.57 0 
= 0.003118+j0.12492A 

V Thev rms = 12Ii/V2 = 1.0603Z88.57°V 

I L rms = 1.0603Z88.5772(8.008) = 66.2Z88.57°mA 

Pavg = |I L rms| 2 8.008 = 35.09 fflW. 



Chapter 11, Solution 15. 


To find Z, insert a 1-A current source at the load terminais as shown in Fig. (a). 



At node 2, 


l + 2V 0 =^-r^ -> l = jV 2 -(2 + j)V 0 (2) 

Substituting (1) into (2), 

1 = jV 2 — (2 +j)(j)V 2 = (1 —j)V 2 



= — = — = 0.5 + j0.5 
eq 1 2 

z L =z;=[o.5-yo.5]Q 

We now obtain \ Thev from Fig. (b). 

1Q -jQ 



j 


1 




V. = 


-12 


° 1 + j 


-V o -(-jx2V o ) + V Th =0 

( 12)(1 - j2) 


V rtev =(l-j2)V 0 = 


1 + J 


P = 

max 


^Thev 

2 

í I 2 V 5 

0.5 + j0.5 + 0.5 - j’0.5 

-0.5 = - 

J2 J 


2(2x0.5 Y 


90 W 


0.5 



Chapter 11, Solution 16. 


(0 = 4, 1H -> jcoL = j4, 1/20F -> -^—= --- = -j5 

jcoC j 4x1/20 

We find the Thevenin equivalent at the terminais of Z L . To find Vjhev, we use the Circuit shown 
below. 



At node 1, 

10 -V, V, V, -V, 

- = —=- + 0.5Vj H— --> 5 = Vi (1.25 + j0.2) - 0.25V 2 (1) 

2 j5 4 

At node 2, 

Vl ~ Vz + 0.25V t = ^ -> 0 = 0.5Vj + V 2 (-0.25 + j0.25) (2) 

Solving (1) and (2) leads to 

V Thev =V 2 =6.1947 + j’7.0796 = 9.4072Z48.81 0 




To obtain R eq , consider the Circuit shown below. We replace Z L by a 1-A current source. 



At node 1, 

— + + 0.25V, + ^ ~ Vl =0 -> 0=V,(1 + j0.2)-0.25V., (3) 

2-75 1 4 1 2 

At node 2, 

1 + V * +0.25V, -> -1 = 0.5V[ + V' 2 (-0.25 + j’0.25) (4) 

Solving (1) and (2) gives 

Z eq =^ = 1.9115 + j'3.3274 = 3.837Z60.12 0 and Z L = 3.837Z-60.12 0 Q 



1.9115 


9.4072 2 

2x4x1.9115 


5.787 W 



Chapter 11, Solution 17. 


We find Z eq at terminais a-b following Fig. (a). 



Z, = (- jio + 30) II (j-20 + 40) = <3 ° ~ J10)(4 ° + m 

eq \ J \J 70 + jio 

We obtain \ Thev from Fig. (b). 



Using current division, 

30 + j20 
J| “ 70 +jlO 
40-jlO 
2 “ 70+jlO 


(j5) = -1.1 + j2.3 
Cj5) = 1.1 +j2.7 


y Th =30I 2 +jl0I 1 = 10 +j70 


Th z 5000 
max 2 (z eq + Z L ) 2 ' (2)(2x20) : 


20 Í2 — Zl 


20 = 31.25 W 



Chapter 11, Solution 18. 


We find Z Th at terminais a-b as shown in the figure below. 



Z Th = j 30 + 40II40 + 80II (-j 10) = j30 + 20 + 
Z n =21.23 + j’20.154 


(80)(-j 10) 
80-jlO 


Z L = z; h = [21.23—j20.15] O 



Chapter 11, Solution 19. 


At the load terminais, 

(6)(3 + j) 

Z Th — ~ j2 + 6 II (3 + j) = -j2+ V 
Z Th =2.049-jl.561 

Rl = r ^-‘ r \h — 2-576 

To get V Th , let Z = 6 II (3 + j) = 2.049 + j0.439 . 


By transforming the current sources, we obtain 

\ Th =(33Z0°)Z = 67.62 + j'14.487 = 69.16Z 12.09° 




Chapter 11, Solution 20. 


Combine j20 Q and -j 10 Q to get j20 II -j 10 = -j20. 


To find Z Th , insert a 1-A current source at the terminais of R L , as shown in Fig. (a). 



At the supernode, 


Vi % V 2 

1 = — +-+ — 

40 - j20 - jlO 

40 = (1+ j2) V, + j4V 2 


Also, y i= y 2+ 4I o , where I o = 

í.iv,=v 2 —> y i=n ( 2 ) 

Substituting (2) into (1), 

ÍV } 

40 = (i + j2)lnJ +j 4V 2 

44 

V, =- 

2 l + j6.4 


V, 

Z Th = -p = 1.05- j6.71Q 
R l = | Z Th | = 6.792 Q 







To find V Th , consider the circuit in Fig. (b). 



At the supernode, 

165-V, _ V, | V 3 
40 -j20 -jlO 

165 = (1 + 7 - 2)V 1 + j’4V 2 

Also, V. = V 2 + 41 , where I = 165 ~ V| 

120 ° 40 

\7 _V 2 +16.5 


Substituting (4) into (3), 

150-j30= (0.9091 + j5.818)V 2 


(3) 


(4) 


V = V = 

T Th ' 2 


150- j'30 
0.9091+ j'5.818 

25.98 


1.05-j6.71 +6.792 


152.97Z-11.31 0 

5.889Z81.12 0 


6.792 

2 


21.51 W 


25.98Z-92.43° 








Chapter 11, Solution 21. 


We find Z Th at terminais a-b, as shown in the figure below. 


100 Q -jlO Q 



Z Th = 50 II [- jlO +100 II (40 + j30) ] 

(100)(40 + j30) 

where 100II (40 + j30) = ---- i — L = 31.707 + jl4.634 

J 140 +j30 J 


Z Th =50 II (31.707+ j4.634) 
Z Th =19.5 +jl.73 


(50X31.707 +j4.634) 
81.707+ j4.634 



= 19.58 Q 



Chapter 11, Solution 22. 


i(t) = [2-2cos(2t)] amps 


I 


O 

rms 


[2-Scos»2t>Fdt 


■ Ml «Idt■+■ I (-4cosC2t>]dt +■ f 4offs : <at>dt| 

77 Lc- /o At i 



Irnis = \b = 2.449 amps 





Chapter 11, Solution 23. 


Using Fig. 11.54, design a problem to help other students to better understand how to find 
the rms value of a waveshape. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Determine the rms value of the voltage shown in Fig. 11.54. 



Figure 11.54 For Prob. 11.23. 


Solution 


Vl 



100 

3 


V rms = 5.7735 V 



Chapter 11, Solution 24. 


T = 2, 



0 < t < 1 

1 < t < 2 


V, 


= 7 - J 5 2 dt + f(-5) 2 dt 


25 

= y[l + l] = 25 


V 


rms 


= 5 v 



Chapter 11, Solution 25. 


f 2 = — f 

L rms rp J 


T f 2 
0 1 


(O d t = i[í‘M 


1 32 

= -[16 + 0 + 16] = — 
3 3 


f 


rms 



= 3.266 


2 dt + J 1 2 0dt + J 2 3 4 


f rms = 3.266 



Chapter 11, Solution 26. 


T = 4. 


v(t) = - 


5 0<t<2 

20 2 < t < 4 


VL = - 


j o 2 10 2 d! + j 4 ( 20) 2 dt 


= -[200+ 800] = 250 


Y rms = 15.811 V 



Chapter 11, Solution 27. 

T = 5, i(t) = t, 



rms 



I 


rms 


= 2.887 A 


0 < t < 5 

I ílls 

5 3 |o 



Chapter 11, Solution 28. 


V- =- 

rms 5 


i[f 


(4t) 2 dt + J 0 2 dt 


V- =-•- 

rms 5 


1 161 3 


3 


I, 16 

| 2 =-(8) = 8.533 


V m . = 2.92 V 


P = 


V 2 

rms 


R 


8.533 

2 


= 4.267 W 



Chapter 11, Solution 29. 


60-6 1 5 < í < 15 

-120 + 6t 15 < t < 25 


T = 20, i(t) = 

í) ff = ^ J 5 ' 5 (60 - 6 tf dt + jj“ (-120 + 6t) 2 dt 

I eff=].[ £'(900- 180í + 9r) dt + £ 5 (9t 2 -360t + 3600) dt 

ll ff = i [(900í - 90r + 3 1 3 ] ; 5 + (3í 3 -180r + 3600r] f 5 5 

/L = —[750 + 750] = 300 
5 

I eff = 17.321 A 

p = l e 2 ff R = (17.321) 2 x12 = 3.6 kW. 



Chapter 11, Solution 30. 


v(t) = 


t 0 < t < 2 
-1 2 < t < 4 


V; 


1S =j J~t 2 dt + f 


(-1) 2 dt 


ir8 o 1 1 

= iLr 2 J =1 


V rms = 1.08 v 


.1667 



Chapter 11, Solution 31. 


V 


2 

rms 



1 

2 


1 2 

J (2r) 2 í/r + J (-4) 2 dt 
.0 1 


—+ 16 
3 


= 8.6667 


V* = 2.944 V 



Chapter 11, Solution 32. 


Ii. = - 


J‘(10t 2 ) 2 dt + J 2 Odt 


1S = 50 J 

IS •'n 


1 t | 

t 4 dt = 50-y|^ =10 


I 


rms 


= 3.162 A 



Chapter 11, Solution 33. 


i T . r 1 3 4 

I 2 ms = - J i 2 (t)dt = - J 25 t 2 dt + J 25 dt +1 (-5 1 + 20 fdt 


9 1 

t 3 

1 t 3 

4 

í wis = - 

25- 

+ 25(3 -1) + (25-100í 2 + 4000 


6 

3 

0 3 

3 


1 


rms 


= 3.332 A 


11.1056 



Chapter 11, Solution 34. 


íL = y í l f 2 «>* = j [j 0 2 (30 2 *+\l 6 1 dt 

l[~9í 3 2 

=-+36 =20 

3 L 3 o J 

f rms = V2Õ = 4.472 

f rms = 4.472 



Chapter 11, Solution 35. 


V" =t flO 2 dt + f 20 2 dt + f 30 2 dt + f 20 2 dt + f 10 2 dt 

rms 6 l+O 6 J 2 J 4 J 5 

v 2 ms - f[ 100 + 400 +1800 + 400 +100] = 466.67 
6 


V 


rms 


= 21.6 v 



Chapter 11, Solution 36. 




Chapter 11, Solution 37. 


Design a problem to help other students to better understand how to determine the rms value of 
the sum of multiple currents. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Calculate the rms value of the sum of these three currents: 
i\ =8, Í 2 = 4 sin(í + 10°), í 3 = 6 cos(2f + 30°) A 

Solution 


i — í[ + i 0 + z'j — 8 + 4 sin(t +10 ) + 6cos(2í + 30 ) 


I nm = a/ l\rms + I \r,ns + I * 3n*, =Jó4 + —+ — = ^90 = 9.487 A 

V 2 21 



Chapter 11, Solution 38. 


Si = 


V 2 220 - 


s 2 = 


s 3 = 


124 
220 2 
2Õ+J25 
220 2 
zf “ 90-j80 


= 390.32 


z* 

y 2 


= 944.4 -;1180.5 
= 300 + j 267.03 


(a) P 


S = S, + S 2 + S 3 = 1634.7 - j'913.47 =1872.6 < -29.196° VA 
Re(S) = 1634.7 W 


(b) Q = Im (S) = 913.47 VA (leading) 

(c ) pf = cos (29.196°) = 0.8732 



Chapter 11, Solution 39. 

(a) Z L = 4.2 + j3.6 = 5.5317 Z40.6° 
pf = cos 40.6 =0.7592 
V 2 220 2 

S = =-= 6.643 + j'5.694 kVA 

Z 5.5317Z-40.6" 

P = 6.643 kW 

Q = 5.695 kVAR 


(b) C = 


P(tan 0 X - tan 0 2 ) 
(oV 2 


6.643.yl0 3 (tan40.6° -tan0°) 
2^.x:60.x:220 2 


= 312 ju F, 


{It is important to note that this capacitor will see a peak voltage of220 42 = 
311.08V, this means that the specifications on the capacitor must be at least this 
greater!} 



Chapter 11, Solution 40. 


Design a problem to help other students to better understand apparent power and power 
factor. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

A load consisting of induction motors is drawing 80 kW from a 220-V, 60 Hz power line 
at a pf of 0.72 lagging. Find the capacitance of a capacitor required to raise the pf to 
0.92. 

Solution 


p/l = 0.72 = cos 0 j -> 6> =43.94° 

p/2 = 0.92 = cos e 2 -> 0 2 = 23.07° 


C = 


P(tan 6 X - tan 0 2 ) 


ú)V 


2 

rms 


80.H0 3 (0.9637-0.4259) 
2;r.r60.r(220) 2 


= 2.4 mF , 


{Again, we need to note that this capacitor will be exposed to a peak voltage of 
311.08V and must be rated to at least this levei, preferably higher!} 



Chapter 11, Solution 41. 


(-j2)(-j3) 

(a) - j2 II (j5 - j2) = -j2 II -j3 = = -j6 

Z T = 4 - j6 = 7.211Z -56.31° 

pf = cos(-56.3 I o ) = 0.5547 (leading) 

(j2)(4 + j) 

(b) j2 II (4 + j) = U 4 ; + = 0.64 + jl .52 

0.64 + j0.44 

Z = 1II (0.64 + jl.52- j) =---= 0.4793Z21.5 0 

1.64 + jO.44 

pf = cos(21.5°) = 0.9304 (lagging) 



Chapter 11, Solution 42. 


(a) S=120, pf =0.707= cos 6 -> 6* = 45° 

S=ScosO + jS sinff = 84.84 + ;84.84 VA 

S 120 

(b) S=V nm I rms -> I nns = — = — = 1 .° 91 A rms 

V rms 4 1 U 

(c) S=ll ns Z -> Z=-f- = 71.278 + 7 71.278 Q 

I rms 

(d) If Z = R + jxnL, then R = 71.278 Í2 

71 278 

coL = Ik/L = 71.278 -> L = — -= 0.1891 H = 189.1 mH. 

2;z\x;60 



Chapter 11, Solution 43. 

Design a problem to help other students to better understand complex power. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

The voltage applied to a 1 O-ohm resistor is 

v(í) = 5+3 cos(? + 10°) + cos(2f + 30°) V 

(a) Calculate the rms value of the voltage. 

(b) Determine the average power dissipated in the resistor. 

Solution 

( a ) Vrms = 

V 1 

(b) P = —— = 3o/io = 3 W 

R - 


Jv 2 1 ™ +V 2 i rms +V 2 3rms = , 25 + - + - = V3Õ = 5.477 V 

V 2 2 



Chapter 11, Solution 44. 


40 juF -> ~^— = --- -r = —j‘12.5 

jcoC j'2000.r40;d0~ 6 


60 mH - > jcoL= /2000.i'60.i4 0 3 = /120 


We apply nodal analysis to the Circuit shown below. 

100- V 0 f 44-K Vq 

30-J12.5 20 jl20 

V 

But I = —— . Solving for V 0 leads to 

' j‘120 


V a =2.9563 + j 1.126 



30 — y 12.5 

S = ^V/ 0 = ^-(100)(2.7696- j. 1165) = 138,48-;55.825 VA 


S = (138.48 -j55.82) VA 



Chapter 11, Solution 45. 


/ta2 

(a) V 2 ™, = 20 2 +-= 2200 - > V rms = 46.9 V 

2 

/„..=^l i + j! y-=VU25= 1.061A 

(b) p(t) = v(t)i(t) = 20 + 60cosl00t - lOsinlOOt - 30(sinl00t)(cosl00t); clearly 
the average power = 20W. 



Chapter 11, Solution 46. 


(a) S = VI* = (220Z30°)(0.5Z - 60°) = 110 Z - 30° 

S = [95.26 -j55]VA 

Apparent power =110 VA 

Real power - 95.26 W 

Reactive power =55 VAR 

pf is leading because current leads voltage 

(b) S = VI = (250Z-10°)(6.2Z25 o ) = 1550Z15° 

S = [497.2 + J401.2] VA 

Apparent power =1550 VA 

Real power = 1497.2 W 

Reactive power =401.2 VAR 

pf is lagging because current lags voltage 

(c) S = VI* = (120Z0°)(2.4Z15°) = 288Z15° 

S = [278.2 + j'74.54] VA 

Apparent power =288 VA 

Real power = 278.2 W 

Reactive power =74.54 VAR 

pf is lagging because current lags voltage 

(d) S = VI* = (160Z45°)(8.5Z - 90°) = 1360Z - 45° 

S = [961.7 -j961.7] VA 

Apparent power =1360 VA 

Real power = 961.7 W 

Reactive power =-961.7 VAR 

pf is leading because current leads voltage 



Chapter 11, Solution 47. 


(a) V = 112Z10 0 , I = 4Z - 50° 

1 * 

s = - VI* = 224Z60°= [112 + 7 194] VA 

Average power =112 W 
Reactive power =194 VAR 

(b) V = 160Z0°, I = 4Z45° 

S = |vi* =320Z- 45° =226.3 -j226.3 

Average power = 226.3 W 
Reactive power = -226.3 VAR 

I v r ( 80) 2 

(c) S= l —^= ' o =128Z30° = 110.85 +j64 

Z 50Z-30 

Average power = 110.85 W 
Reactive power = 64 VAR 

(d) S = 111 2 Z = (100)(100Z45°) = [7.071 + ./7.071] kVA 

Average power =7.071 kW 
Reactive power =7.071 kVAR 



Chapter 11, Solution 48. 


(a) 


S = P-jQ = [269-/150] FA 


(b) pf = cos0 = 0.9 -> 0 = 25.84 c 


Q 2000 

Q = SsinO -> S = = ———— = 4588. 

sinO sm(25.84 ) 


p = ScosO = 4129.48 


S = [4.129 -72] kVA 


(c) 


Q = S sin 0 
0 = 48.59, 


Q 450 

-» sinO = — = —— = 0.75 


S 600 
pf =0.6614 


p = ScosO = (600)(0.6614) = 396.86 


S = [396.9+ /450] VA 


(d) S = 


( 220 )" 

40 


= 1210 


P = ScosO 
0 = 34.26° 


P 

cosO = — 


1000 

1210 


0.8264 


Q = SsinO = 681.25 


S = [1 + y'0.6812] kVA 



Chapter 11, Solution 49. 


4 

(a) S = 4 + j——sirocos" 1 (0.86)) kVA 

0.86 

S = [4 +2.373] kVA 
P 1.6 

(b) pf = — = —0.8 = cos9 -> sin9 = 0.6 

S 2 

S = 1.6 - j2 sin 0 = [1.6 - y‘1.2] kVA 

(c) S = V rms i; ms = (208Z20°)(6.5Z50°) VA 
S = 1.352Z70 0 = [0.4624 + y1.2705] kVA 


(d) 


| V | 2 (120) 2 14400 

Z* “ 40-j60 “ 72.11Z-56.31° 

S = 199.7Z56.31 0 = [110.77 + y‘166.16] VA 



Chapter 11, Solution 50. 


1000 

(a) S = P - jQ = 1000- j—sinícos 1 (0.8)) 
S = 1000-j750 


But, S = 




( 220 )" 


TJ* _ I I _ 

S : 1000-j750 

Z = [30.98-j23.23]Q 


= 30.98+ j23.23 


(b) 


S= I 


1500 +j2000 
( 12) 2 


[10.42 + yi3.89]Q 


(120) 2 


(c) Z* = ' ' = 1 —- =-----= 1.6Z - 60 c 

w S 2S (2)(4500Z60°) 

Z = 1.6Z60 0 = [0.8 + 7*1.386] Q 



Chapter 11, Solution 51. 

(a) 

Z T =2 + (10-j5)ll(8 + j6) 


z a0-j5)(8 + j6) „ H0 + j20 

T 18 +j " 18 +j 

Z T =8.152 +j0.768 = 8.188Z5.382° 


pf = cos(5.382°) = 0.9956 (lagging) 

(b) 

s = vi* = v [ = (16) 

z s (8.188Z- 5.382°) 


S = 31.26Z5.382 0 


P = Scos0 = 31.12 W 

(c) 

Q = Ssin 0 = 2.932 VAR 

(d) 

S=S =31.26 VA 

(e) 

S = 31.26Z5.382 0 = (31.12+j2.932) VA 


(a) 0.9956 (lagging, (b) 31.12 W, (c) 2.932 VAR, (d) 31.26 VA, (e) [31.12+j2.932] 
VA 



Chapter 11, Solution 52. 


S A = 2000 + j-0.6 = 2000 +jl 500 

0.8 

S B = 3000x0.4 - j3000x0.9165 = 1200 - j2749 
S c = 1000 + j500 
S = S A +S B +S C = 4200 - j749 


(a) 


Pf = 


4200 

a/4200 2 +749 2 


= 0.9845 leading 


(b) 


S = V I 

° v rms x rms 


>1 


* 

rms 


4200-j749 
120Z45 0 


35.55Z-55.il 0 


Irms = 35.55Z55.11° A. 



Chapter 11, Solution 53. 


S = S A + S B + Sc = 4000(0.8-jO.6) + 2400(0.6+j0.8) + 1000 + j500 
= 5640 + j20 = 5640Z0.2 0 

r . S B S A + S C S 5640Z0.2 0 „ , 00 

/* = —®- + -Z £. = = - = 47Z - 29.8° 

(a) V„ V rms 120Z30 0 

I = 47Z29.8 0 = 47Z29.8 0 A 

(b) pf = cos(0.2°) * 1.0 lagging . 



Chapter 11, Solution 54. 

Consider the circuit shown below. 


I 2 


8Z - 20° 


4 — j3 
8Z - 20° 


j5 


1.6Z16.87 0 

1.6Z-110 0 


I = I 1 + I 2 =(-0.5472 -jl.504) + (1.531 + j0.4643) 
I = 0.9839 - jl .04 = 1.432Z - 46.58° 


For the source, 

S = VI* = (8Z -20°)(1.432Z46.58°) 

S = 11.456Z26.58°= (10.24+j3.12) VA 

For the capacitor, 

S=|l 1 | 2 Z c =(1.6) 2 (-j3)=-j7.68VA 
For the resistor, 

S =|lj fZ R = (1.6) 2 (4) = 10.24 VA 
For the inductor, 

S =11 2 | 2 Z L = (1.6) 2 (j5) = jl2.8 VA 



Chapter 11, Solution 55. 


Using Fig. 11.74, design a problem to help other students to better understand the conservation 
of AC power. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the complex power absorbed by each of the five elements in the circuit of Fig. 
11.74. 


-y‘20Q ylOQ 



Figure 11.74 

Solution 


We apply mesh analysis to the following circuit. 


-j20Q jlOQ 



50Z90 0 V rms 


For mesh 1, 


40 = (20-j20)I 1 -20I 2 


2 = (1 — j) I x —1 2 

(D 

- j50 = (20 + jlO) I 2 - 20 Ij 


- j5 = -2Ij +(2 +j)I 2 

(2) 


For mesh 2, 


Putting (1) and (2) in matrix form, 


" 2 " 


"l-j 

-1 ' 

V 

_-j5_ 


_ -2 

2 +j _ 

-I 2 - 























A = 1 — j, 


A! = 4 - j3, 


A 2 = -1 — j5 


li = — = = -(7 + j) = 3.535Z8.13 0 

1 A 1-j 2 

A 2 

I, = —= 

2 A 


1-J5 

1-j 


= 2 - j3 = 3.605Z - 56.31° 


I 3 = Ij —1 2 = (3.5 + j0.5) - (2 - j3) = 1.5 + j3.5 = 3.808Z66.8 0 
For the 40-V source, 


* í 1 1 

S = -VI =-(40) —-(7-j) = [-140 +j20] VA 

V2 y 


For the capacitor, 

S = 11, | 2 Z c = - j250 VA 

For the resistor, 

S = |l 3 | 2 R= 290 VA 
For the inductor, 

S = |l 2 | 2 Z L = jl30 VA 
For the j50-V source, 

S = V i: = (j50)(2 + j3) = [-150 + jlOO] VA 



Chapter 11, Solution 56. 


- j’2 II 6 = (6)( ~- /2) =- 12Z 9Q ° -= 1.897365Z-71.565 0 = 0.6- jl.8 

6-j2 6.32456Z-18.435° 

3 + j’4 + [(-j2) II 6] = 3.6 +j2.2 
The circuit is reduced to that shown below. 


2Z30° 



3.6 + j2.2 Q 


I 


o 


3.6 + j 2.2 

8.6 + J 2.2 


(2Z30°) 


4.219Z31.4296 0 

8.87694Z14.3493 0 


(2Z30°)=0.95055Z47.08° 


V o = 5I 0 = 4.75275Z47.08 0 


S = V 0 1* = (4.75275Z47.08°)(2Z - 30°) 
S = 9.5055Z17.08 0 = (9.086+j2.792) VA 




Chapter 11, Solution 57. 

Consider the circuit as shown below. 


24Z0 



2 Vo 


At node o, 


24-V 0 _V 0 V 0 -V, 
4 1 -j 

24 = (5 + j4)V o -j4V 1 


( 1 ) 


At node 1, 


V " 1: 

V 1 =(2-j4)V 0 


( 2 ) 


Substituting (2) into (1), 

24 = (5 + j4 - j8 -16) V Q 
-24 


V„ = 


11 + j4 ’ 


V, = 


(-24)(2-j4) 
11 +j4 


The voltage across the dependent source is 

y 2 =V 1 +(2)(2V o ) = V 1 +4V o 

-24 (-24)(6-j4) 

V, =———-(2 —j4 + 4) = J 


11 +j4 


11 +j4 


s = v 2 r = v 2 (2v;) 

(-24)(6 -j4) -48 


S = 


11 +j4 11 - j4 


^ 1152 + 


(6-j4) 


S = (50.45-j33.64) VA 




Chapter 11, Solution 58. 


From the left portion of the circuit, 

0.2 

I =-= 0.4 mA 

° 500 


20 I u =8 mA which then leads to the following circuit, 

t -j3 kQ jl kQ 



10 k O 


From the right portion of the circuit, 

I . = 4 + 10 4 +j -j3< 8mA) = ^] mA 


I ,2 (16 x 10" 3 ) 2 

S = |l x | R =- — —-(lOxlO 3 ) 


S = 51.2 mV A 


It should be noted that the complex power delivered to a resistor is always watts. 



Chapter 11, Solution 59. 


Let y 0 represent the voltage across the current source and then apply nodal 
analysis to the circuit and we get: 


4 + - 


240 -V 


- + - 


50 - j20 40 + j30 

88 = (0.36 +j0.38)V o 

88 


V = 


0.36 + j0.38 


= 168.13Z - 46.55° 


I. 

I 2 


y 

—— = 8.41Z43.45 0 
-j20 

V 

° =3.363Z- 83.42° 

40 + j30 


Reactive power in the inductor is 

S = 1 1 2 I 2 Z L = (3.363) 2 (j30) =j339.3 VAR 


Reactive power in the capacitor is 

S = 1 1, I 2 Z c = (8.41) 2 (-j20) =-jl.4146 kVAR 



Chapter 11, Solution 60. 


Sj = 20 +j—sin(cos 1 (0.8)) = 20 + jl5 
0.8 

16 

S 2 = 16 + j —sinícos- 1 (0.9)) = 16 + j7.749 

s = s, + S 2 = 36 + j22.749 = 42.585Z32.29 0 
But S = V o r=6V 0 

s 

v 0 =- = 7.098 Z32.29° 

6 

pf = cos(32.29°) = 0.8454 (lagging) 



Chapter 11, Solution 61. 

Consider the network shown below. 



5 2 =1.2-j0.8kVA 

4 

5 3 = 4 + sirocos' 1 (0.9)) = 4 +jl.937 kVA 

Let S 4 =S 2 +S 3 =5.2 + jl.l37kVA 

But s 4 = v„i; 

s^= (5.2 +j 
~ \ a 100Z90 0 

I 2 =11.37 + j52 

Í2 

Similarly, Sj = yÍ2 - j^ysinCcos' 1 (0.707)) = V2(l-j) kVA 
But S 1= V 0 i; 


i; 

II 


gi _ (1.4142- Jl.4142)xl0 3 

V^' Jíõõ 

- 14.142+jl4.142 


-14.142-714.142 


l =Ij +I 2 =-2.772+ j66.14= 66.2Z92.4 0 A 


s o =vX 

S 0 = (100Z90°)(66.2Z - 92.4°) VA 

S Q = 6.62Z-2.4° kVA 


66.2Z92.4 0 A, 6.62Z-2.4 0 kVA 







Chapter 11, Solution 62. 


Consider the circuit below. 


0.2 + j0.04 Q I I 2 0.3 + j0.15 Q 



S 2 = 15 - j—smícos-^O.S)) = 15 - jl 1.25 
0.8 

But S 2 = V 2 V 2 

r _S 2 _ 15-jll.25 

2 v 2 120 

I 2 =0.125 +j0.09375 

Vi =y 2 +I 2 (0.3 +j0.i5) 

% = 120 + (0.125 + j0.09375)(0.3 + j0.15) 

% =120.02 + j0.0469 

10 

S, = 10 + J—sin(cos'(0.9)) = 10 + j4.843 

But s, =v,i; 

. S, 11.111Z25.84 0 
1 “ 120.02Z0.02 0 

I, = 0.093Z - 25.82° = 0.0837 - j0.0405 

I = Ij +I 2 =0.2087 + j0.053 

V s = Vj +1 (0.2 + j0.04) 

V s = (120.02 + j0.0469) + (0.2087 + j0.053)(0.2 + j0.04) 
V s =120.06 +j0.0658 


V = 120.06Z0.03 0 V 







Chapter 11, Solution 63. 


Let 


s = s 1 +s 2 +s 3 . 


12 

S, =12-j -—sirocos' 1 (0.866)) = 12 — j6.929 

0.866 


16 

S 2 = 16 + j—-sinícos 1 (0.85)) = 16 + j9.916 
0.85 


0 (20)(0.6) , , AA 1Ci , AA 

S o —---h / 20 — 15+ / 20 

sin(cos (0.6)) 


S = 43+ y22.987 = VI* 


I* = — = ( 43 + 3 22 -"1 y10 =195,45 + 7104.5 = 221.6Z28.13 C 
V 220 


I 0 = 221.6Z-28.13° A 



Chapter 11, Solution 64. 


But, 


I 2 



120Z0 0 v 


I s + I 2 = li or I s = li - I 2 


120 

li =- = 4.615-j6.923 

8 + jl2 

* * S 2500-j400 

S = VI* ->1* = — = - = 20.83-j3.333 

2 2 V 120 

or I 2 = 20.83+ j3.333 


I s = ij _ l 2 = -16.22 - j 10.256 = 19.19Z-147.69° A. 




Chapter 11, Solution 65. 


C = 1 nF 



- j 

10 4 xlO 9 


= -jlOO kQ 


At the noninverting terminal, 

4Z0°-V V 


100 


-jlOO 


-> V 


V °'V2 Z ' 45 ° 


v o (t) = -^cos(10 4 t-45°) 


4 

i+j 


V 2 

rms 

í 4 

j_Y 

T 1 1 

R 

vV2" 

V 2 J 

V50xl0 3 J 


P = 80 pW 



Chapter 11, Solution 66. 


As an inverter, 


_ 1 Z Ly _ -(2 + J4) 

0 Z; s 4 + j3 


(4Z45 0 ) 


V Q 4 - (2 + j4)(4Z45°) 4 

I = t— rr mA = —-———-——— mA 


6 — j2 


(6-j2)(4 + j3) 


The power absorbed by the 6-kQ resistor is 


P= I R = 


■J2Õ x 4 

V4Õx5 


x 10 6 x 6 x 10 3 


P = 1.92 mW 



Chapter 11, Solution 67. 


co = 2, 3H -> jooL = j6, 0.1F -» —-— = —-— = -j5 

jcoC j 2x0.1 

10//(-j5) = ~ j5 ° =2 — j A 
10-j5 

The frequency-domain version of the circuit is shown below. 



8 + j'6 8 + j 6 

5 = ly,/*! = (0.3Z20")(0.06Z +16.87°) = 14.4+ jl0.8mVA = 18Z36.86° mVA 

S = (14.4+jl0.8) mV A = 18Z36.86 0 mVA 

(b) V = -^-V„ I 0 = — = — <2 ~ j4) (0.6Z20°) = 0.0224Z99.7" 

Z, Z 3 12(8+ j6) 

p = I|/ H | 2 R = 0.5(0.0224) 2 (12) = 2.904mW 

P = 2.904 mW 


= 12Q 


(a) 18Z36.86 0 mVA, (b) 2.904 mW 






Chapter 11, Solution 68. 

Let S = S R +S L +S C 
where S R = P R + jQ R = ^l 2 a R + jO 

S L =P L +jQ L =0 + j|l>L 


S = 



R + j 


coL 


Hence, 



Chapter 11, Solution 69. 


(a) Given that Z = 10 + jl2 

—> 9 = 50.19° 


12 

tan 0 = 10 


pf = cos 9 = 0.6402 


(b) 


S = 


( 120 )' 


= 295.12+ j354.09 


2Z (2)(10 — jl2) 

The average power absorbed = P = Re(S) = 295.1 W 


(c) For unity power factor, 9, = 0°, which implies that the reactive power due 
to the capacitor is Q c = 354.09 


But 


V 2 1 

Q c =-= —coC V 2 

Vc 2X„ 2 


C = 


2Q C 


(2)(354.09) 


coV 2 (27r)(60)(120) 2 


130.4 pF 



Chapter 11, Solution 70. 


Design a problem to help other students to better understand power factor correction. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

An 880-VA, 220-V, 50-Hz load has a power factor of 0.8 lagging. What value of parallel 
capacitance will correct the load power factor to unity? 

Solution 


pf = cosO = 0.8 


sinO = 0.6 


Q = Ssin0 = (880X0.6) = 528 


If the power factor is to be unity, the reactive power due to the capacitor is 
Q = Q = 528 VAR 


But Q = 
C = 


V 


X c 
(528) 


= coCV" 


-> C = 


Qc 


coV- 


(27r)(50)(220y 


34.72 pF 



Chapter 11, Solution 71. 


(a) For load 1, 

Qi = 60 kVAR, pf = 0.85 orOj =31.79° 

Qi = Si sinOi =60korSi = 113.89k andPi = 113.89cos(31.79) = 96.8kW 

Si = 96.8+j60kVA 

For load 2, S 2 = 90-j50kVA 

For load 3, S3=100kVA 

Hence, 

S = Si + S 2 + S 3 = 286.8 + j 10kVA = 287Z2°kVA 
But S = (Vnns) 2 /Z* or Z* = 120 2 /287Z2°k = 0.05017Z-2 0 
Thus, Z = 0.05017Z2Q or [50.14 + j 1.7509] mil 

(b) From above, pf= cos2° = 0.9994. 

(c) I rms = V ms /Z = 120/0.05017Z2 0 = 2.392Z-2 0 kA or [2.391 - j0.08348] kA. 



Chapter 11, Solution 72. 

p ?4 

(a) P = S cos 0. - > S = -= — = 3.0kVA 

1 cos Oy 0.8 

pf =0.8 = cos 0 X - > 9 X =36.87° 

Q = S sin 0 t =3.0sin36.87° =1.8 kVAR 

Hence, S = 2.4 + jl.8 kVA 

p 15 

5, =—^ = —^ = 2.122 kVA 
cos 0 0.707 

pf =0.707= cos 0 -> 0 = 45" 

Q l =P l =1.5 kVAR -> S, =1.5+ jl.5 kVA 

Since, S = S x + S 2 -> S 2 = S -S 1 = (2.4 + ;1.8) -(1.5 + ;'1.5) = 0.9 + jO.3 kVA 

S 2 =0.9497 <18.43° 
pf = cos 18.43° = 0.9487 


(b) 
C = 


pf = 0.9 = cos 0 2 
P(tan 9 X - tan 0 2 ) 


-> 6*2 = 25.84" 

2400(tan 36.87 - tan 25.84) 
2;r.*60.<120) 2 


= 117.5 //F 



Chapter 11, Solution 73. 


(a) 

(b) 


(c) 


S = 10 - jl5 + j22 = 10 + j7 kVA 
S = I S I = Vl0 2 +7 2 = 12.21 kVA 


. * S 10,000 +j7,000 

s = vr —> i = —= ——— 

V 240 


I = 41.667 - j29.167 = 50.86Z - 35° A 


9, = tan 


í 


vl07 


= 35°, 


0, = cos 1 (0.96) = 16.26° 


Q c = P, [tanOj - tan0 2 ] = 10[tan(35°) - tan(16.26°)] 

Q c = 4.083 kVAR 


C = 


Qc 


coV; 


4083 

(27t)(60)(240) 2 


= 188.03 pF 


(d) S 2 =P 2 +jQ 2 , P 2 = P, = 10 kW 

Q 2 = q ( - Q c = 7 - 4.083 = 2.917 kVAR 


S 2 =10 +j2.917kVA 
But S 2 = VI 2 

* S 2 10,000 +j2917 
2 “ V “ 240 

I 2 =41.667-jl2.154 = 43.4Z-16.26° A 



Chapter 11, Solution 74. 


0! =cos 1 (0-8) = 36.87° 

P 24 

S, = —V = — = 30 kVA 
cos0j 0.8 

Qj = S x sin©! = (30)(0.6) = 18 kVAR 
S, =24 +jl8kVA 


0 2 = cos" 1 (0.95) = 18.19° 

P, 40 

S, =—^—= -— = 42.105 kVA 
2 cos0 2 0.95 

Q 2 = S 2 sin0 2 = 13.144 kVAR 

S 2 =40+jl3.144kVA 

S = Sj +S 2 = 64 + j31.144 kVA 
/ 31.144 

0 = tan —— =25.95° 

V 64 j 

pf = cosO = 0.8992 


(b) 0, = 25.95°, 


O, =0° 


Q c = P[ tan 0 2 - tan 0 t ] = 64[ tan(25.95°) - 0 ] = 31.144 kVAR 


Q c 31,144 

C = ——— =- ! -= 5 74 mF 

coVl (2 ti)(60)(120) 2 * 



Chapter 11, Solution 75. 


(a) 


S, 



(240) 2 
80 +j50 


5760 

—— = 517.75 -j323.59 VA 
8 +j5 J 


s 2 

s 3 


(240) : 


5760 


120-j70 12 —j7 


(240) : 
60 


= 960 VA 


= 358.13 +j208.91 VA 


(b) 


S = S 1 +S 2 +S 3 = [1.8359 - yO.11468] kVA 

' 114.68 ' 


0 = tan 


= 3.574° 


vl 835.88+ 
pf = cos 9 = 0.998 {leading} 


(c) Since the circuit already has a leading power factor, near unity, no 
compensation is necessary. 



Chapter 11, Solution 76. 


The wattmeter reads the real power supplied by the current source. Consider the 
Circuit below. 



3Z30° A 


3Z30°+ ■ 


12-V 0 
4 — j3 


V V 

—^ + — 

j2 8 


V = 


36.14 +j23.52 
2.28- j3.04 


= 0.7547+ jl 1.322 = 11.347Z86.19 C 


S = V o I* =(11.347Z86.19 o )(3Z-30°) 
S = 34.04Z56.19 0 VA 


p = Re(S)= 18.942 W 




Chapter 11, Solution 77. 


The wattmeter measures the power absorbed by the parallel combination of 0.1 F and 150 

Q. 


120cos(2t) - > 120Z0°, 


4 H 
0.1 F 


» jcoL = j8 



co = 2 


Consider the following circuit. 

6 Q j8 Q I 



120 

(6 + j8) + (1.5-j4.5) 


14.5Z-25.02° 


S = 2 VI = \\ 1 1 2 Z = \' ( 14 - 5)2 ( L5 “ J 4 - 5) 

S = 157.69-j473.06 VA 

The wattmeter reads 

p = Re(S) = 157.69 W 





Chapter 11, Solution 78. 


The wattmeter reads the power absorbed by the element to its right side. 
2cos(4t) -> 2Z0°, co = 4 


1H 

1 


» jcoL = j4 


■> 


1 

jcoC 


= -j3 


Consider the following circuit. 


10 Q I 



Z = 6.44 + j2.08 


20 

16.44+j2.08 


1.207Z - 7.21° 


1 i 12 1 

S = —111 Z = — • (1.207) 2 (6.44+ j2.08) 


p = Re(S) = 4.691 W 





Chapter 11, Solution 79. 


The wattmeter reads the power supplied by the source and partly absorbed by the 40- Q 
resistor. 

co = 100, 

10 mH -> jlOOxlOxlO -3 = j, 500pF -> — =- 1 -- 

jcoC jl00x500xl0“ 6 

The frequency-domain circuit is shown below. 


20 Io 



-j20 


At node 1, 


10-Vl _ 2I , V 1 -V 2 , Vi-V 2 _ 3(Vi-V 2 ) , Vi-V 2 
40 ° j 20 20 j 

10 = (7-j40)V 1 +(-6 + j40)V 2 


At node 2, 

V. -f 2 | V, -v 2 _ V 2 

j 20 -J20 


0 = (20 + y)T 1 -(19 + j)V 2 


( 1 ) 


( 2 ) 


Solving (1) and (2) yields Vi = 1.5568 -j4.1405 

1 = 1Q ~ Vl = 0.2111 + j0.1035, S =-Vil* =-0.04993-j0.5176 
40 2 1 


P = Re(S) = 50 mW. 




Chapter 11, Solution 80. 



cos0 = pf =0.825 -> 0 = 34.41° 

p = Scos 0 = 1559.8 = 1.6 kW 



Chapter 11, Solution 81. 


Design a problem to help other students to better understand how to correct power factor 
to values other than unity. 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

A 120-V rms, 60-Hz electric hair dryer consumes 600 W at a lagging pf of 0.92. 
Calculate the nns-valued current drawn by the dryer. 

How would you power factor correct this to a value of 0.95? 

Solution 


P = 600 W, pf = 0.92 


-> d = 23.074° 


P = S cos# 


-> S = 


0.92 


= 652.17 VA 


S = P+jQ = 600 + j'652.17sin23.09° = 600 +j255.6 

But s=v rms r nm . 

S 600 + j'255.6 


/ . = 


V 


120 


I rms = 5 -j'2.13 = 5.435Z-23.07°A. 

To correct this to a pf = 0.95,1 would add a capacitor in parallel with the hair dryer 
(remember, series compensation will increase the power delivered to the load and 
probably bum out the hair dryer. 

pf= 0.95 = 600/S orS = 631.6 VA and 0 = 18.19° and VARs = 197.17 

Thus, 

VARscap = 255.6 - 197.17 = 58.43 = 120xl c or I c = 58.43/120 = 0.4869A 

Next, 

X c = 120/0.4869 = 246.46 = l/(377xC) or C = 10.762 pF 



Chapter 11, Solution 82. 


(a) P l =5,000, ô,= 0 

P 2 = 30,000*0.82 = 24,600, Q 2 = 30,000 sin(cos 1 0.82) = 17,171 

s = Si + S 2 = (Pi + p 2 ) + j(Qi + Q 2 ) = 29,600 + jl7,17 1 


(b) 


5 =15 1= 34.22 kV A 
Q = 17.171 kVAR 


P 

(c ) pf = - 

S 


29,600 

34,220 


0.865 


Q c = P(tané?j - tan <9,) 

= 29,60o[tan(cos _1 0.865) - tangos 1 0.9)] = 2833 VAR 


(c) 


Q c 2833 

(óV 2 rms 2 já 60x240 2 


130.46//F 



Chapter 11, Solution 83. 


(a) S = ~VI* = ^-(210Z60°)(8Z-25°) = 840Z35" 

P = S cos 9 = 840cos 35° = 688.1 W 

(b) S = 840 VA 

(c) Q = S sin 9 = 840sin 35° = 481.8 VAR 

(d) pf = P/S= cos 35" = 0.8191 (lagging) 



Chapter 11, Solution 84. 


(a) Maximum demand charge = 2,400 x 30 = $72,000 
Energy cost= $0.04 x 1,200 x 10 3 = $48,000 
Total charge = $120,000 

(b) To obtain $120,000 from 1,200 MWh will require a flat rate of 

$ 120,000 

1 200 x 10 3 P£r kWh = $0 ‘ 10 Per kWh 



Chapter 11, Solution 85. 


(a) 15 mH - > j27vc60xl5xl0 3 = j'5.655 

We apply mesh analysis as shown below. 


* li 



For mesh x, 

120= 10 I x - 10 I z (1) 

For mesh y, 

120 = (10+j5.655) I y - (10+j5.655) I z (2) 

For mesh z, 

0 = -10 I x -(10+j5.655) Iy + (50+j5.655) I z (3) 
Solving (1) to (3) gives 

I x =20, Iy =17.09-j5.142, I z =8 
Thus, 

I, =I X =20 A 

I 2 =-I y =-17.09+j5.142 = 17.85Z163.26" A 
In =Iy - Ix = -2.91 —j5.142 = 5.907Z-119.5" A 


(b)Sj =(120)r x =120x20 = 2400, S 2 =(120)1% = 2051 + j617 

S = 57 + Y 2 = [4.451 + y0.617]kVA 


(c ) pf = P/S = 4451/4494 = 0.9904 (lagging) 




Chapter 11, Solution 86. 


For maximum power transfer 

Z L = Z Th > z, = Z Th = Z L 

Z L = R + jcoL = 75 + j(2 ti)( 4. 12 x 10 6 )(4 x IO' 6 ) 
Z L =75 +jl03.55 Q 

Z =[75-7103.55] Q 



Chapter 11, Solution 87. 


Z = R ± jX 


V R 80 

v-iR — R -t-l^F- L6kn 

|z| 2 =R 2 +X 2 -> X 2 = | Z | 2 - R 2 =(3) 2 -(1.6) 2 

X = 2.5377 kQ 


9 = tarf 1 


Ir J 


= tan 


"2.5377^ 
V 1.6 V 


= 57.77° 


pf = cos0 = 0.5333 



Chapter 11, Solution 88. 

(a) S = (110)(2Z55°) = 220Z55 0 

p = Scos9 = 220cos(55°) = 126.2 W 

(b) S = I S I = 220 VA 



Chapter 11, Solution 89. 


(a) Apparent power = S = 12 kVA 

p = Scos0 = (12)(0.78) = 9.36 kW 
Q = Ssin0 = 12 sirocos 1 (0.78)) = 7.51 kVAR 

S = P + jQ = [9.36 + 7*7.51] kVA 


(b) 


v | 3 , I v | 2 (210 ) 2 

Z* > Z “ S “ (9.36 + j7.51)xl0 3 


2.866-j2.3 


Z= [2.866+ j2.3] íl 



Chapter 11, Solution 90 

Original load : 

Pi 

S, 

Qi 

Additional load : 

P 2 = 300 kW, cos0 2 = 0.8 -> 0 2 =36.87° 

P 2 

S, = — 7 - = 375 kVA 

COS0 2 

Q 2 = S 2 sin0 2 = 225 kVAR 

Total load: 

S = S 1 +S 2 =(P 1 +P 2 ) + j(Q 1 +Q 2 ) = P + jQ 

P = 2000+ 300 = 2300 kW 
Q = 1239.5 + 225 = 1464.5 kVAR 


= 2000 kW, cos 0, =0.85 -> 0, = 31.79° 

Pj 

= —= 2352.94 kVA 
cosO, 

= S 1 sin0 1 =1239.5 kVAR 


The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the 
generator is 


COS0 = 


_P 


2300 

2352.94 


0.9775 


or 0 = 12.177° 


The maximum load kVAR for this condition is 

Q m =Sj sin 0=2352.94sin(12.177°) 

Q m =496.313 kVAR 

The capacitor must supply the difference between the total load kVAR (i.e. Q ) and the 
permissible generator kVAR (i.e. Q m ). Thus, 


Q c =Q-Q m = 968.2 kVAR 



Chapter 11, Solution 91 


The nameplate of an electric motor has the following Information: 

Line voltage: 220 V rms 
Line current: 15 A rms 
Line frequency: 60 Hz 
Power: 2700 W 

Determine the power factor (lagging) of the motor. Find the value of the 
capacitance C that must be connected across the motor to raise the pf to unity. 

Solution 


I = V/Z which leads to Z = [22O/15]Z0 = 14.6667Z0, S = (22O)(15)Z0 = 3.3Z0 

kVA, where cos _1 (2700/3300) = cos^ 1 (0.818182) = 35.097°, and X L = 
3300sin(35.097°) = 1897.38 = X c . This leads to C = l/[377( 1897.38)] = 1.398 
pF. 

pf = 0.8182 (lagging) 

C = 1.398 pF 


0.8182 (lagging), 1.398 pF 



Chapter 11, Solution 92 


(a) Apparent power drawn by the motor is 


P 60 


= 80 kVA 


Sm cosO 0.75 
Q m = VS 2 -P 2 = V(80) 2 -(60) 2 = 52.915 kVAR 


Total real power 


p = p m + p c + P L = 60 + 0+ 20 = 80 kW 


Total reactive power 

Q = Q m +Q c +Q l =52.915 -20 + 0 = 32.91 kVAR 

Total apparent power 

S = Vp 2 +Q 2 = 86.51 kVA 


P 80 

(b) pf = s = ^ = 0 - 9248 


S 86510 

<c) I= v=^r= 157 - 3A 



Chapter 11, Solution 93 


(a) 


P, = (5X0.7457) = 3.7285 kW 
P, 3.7285 

s '=^=^= 4661kVA 


Q! = S, sinícos XO.S)) = 2.796 kVAR 
S, =3.7285 + j2.796kVA 


P 2 = 1.2 kW, Q 2 =0VAR 

S 2 =1.2 +jOkVA 


P 3 =(10)(120) = 1.2kW, Q 3 =0VAR 
S 3 =1.2 +jOkVA 


Q 4 =1.6kVAR, 

Q 4 

S 4 = = 2 kVA 

sinO, 


cos0, = 0.6 


P 4 = S 4 cos0 4 = (2)(0.6) = 1.2 kW 
S 4 =1.2-jl.ókVA 


sin0 4 = 0.8 


s = s 1 +s 2 +s 3 +s 4 

S = 7.3285+ jl. 196 kVA 


Total real power = 7.3285 kW 
Total reactive power = 1.196 kVAR 


(b) 


0 = tan 1 


' 1.196 " 
V7.3285J 


9.27° 


pf = cos 0 = 0.987 



Chapter 11, Solution 94 


cos0j = 0.7 -> 0j = 45.57° 

S, = 1 MVA = 1000 kVA 

P, = S, cosOj = 700 kW 

Q, =S 1 sin0 1 = 714.14 kVAR 


For improved pf, 


cos0 2 = 0.95 - 

P 2 = Pj = 700 kW 
P 2 700 
cos0 2 0.95 


-> 0 2 =18.19° 

= 736.84 kVA 


Q 2 = S 2 sin0 2 = 230.08 kVAR 


Pi = P 2 = 700 kW 



(a) Reactive power across the capacitor 

Qc =Qi -Q 2 =714.14-230.08 = 484.06 kVAR 

Cost of installing capacitors= $30 x 484.06 = $14,521.80 

(b) Substation capacity released = S, - S 2 

= 1000-736.84 = 263.16 kVA 

Saving in cost of substation and distribution facilities 
= $120x 263.16 = $31,579.20 

(c) Yes, because (a) is greater than (b). Additional system capacity obtained 
by using capacitors costs only 46% as much as new substation and 
distribution facilities. 



Chapter 11, Solution 95 


(a) Source impedance Z s = R s - jX c 
Load impedance Z L =R L +jX 2 


For maximum load transfer 


Z L = Z I 


r s =r l , x c =x l 


x c =x L 


= coL 


or (o = ,— = 2nf 

Vlc 


i i 

f =-J= =- , = 2.814 kHz 

2ttVLC 2nJ(S0 x 10 3 )(40 x 10' 9 ) 


(b) P = 


V í46r 

--— 4 = 4 = 431.8 mW (since V is in rms) 

(10 + 4) {U J 



Chapter 11, Solution 96 


Zxh 



(a) V Th = 146 V, 300 Hz 
Z Th = 40 + j8 O 


Z L =z; h =[40-/8] Q 


(b) 


P = 


V. 


Th 


8R 


Th 


(146) 2 
(8)(40) 


= 66.61 W 






Chapter 11, Solution 97 


Z T = (2)(0.1 + j) + (100 + j20) = 100.2 + j22 Q 

V s 240 

I = —=- 

Z T 100.2+ j22 


p = 111 2 r l = 100 


(100X240) 2 
( 100 . 2) 2 +( 22) 2 


= 547.3 W 



Chapter 12, Solution 1 


(a) If V ab =400,then 

400 

V an = -j=-Z-30°= 231Z-30°V 

V bn = 231Z -150° V 
V cn = 231Z - 270° V 

(b) For the acb sequence, 

V ab =V m -V bn =V p Z0°-V p Z120° 

( l S) r 

V ab =V p l + =V p V3Z-30° 

V 1 1 ) 

i.e. in the acb sequence, V ab lags V an by 30°. 

Hence, if V ab = 400, then 
400 

V an = -^ Z30 ° = 231Z30° V 

V bn = 231Z150 0 V 
V cn = 231Z - 90° V 



Chapter 12, Solution 2. 

Since phase c lags phase a by 120°, this is an acb sequence. 
\ bn = 120Z(30° + 120°) = 120Z150 0 V 



Chapter 12, Solution 3. 

Since V bn leads V cn by 120°, this is an abc sequence. 
\ an = 440Z(130° +120°) = 440Z-110 0 V. 



Chapter 12, Solution 4. 

Knowing the line-to-line voltages we can calculate the wye voltages and can let the value 
of V a be a reference with a phase shift of zero degrees. 


V L = 440 = v3 v p or V p = 440/1.7321 = 254 V or V an = 254z0° V which 


determines, using abc roataion, both V bn = 254Z-120 0 and V cn = 254zl20°. 


I a = \JZ Y = 254/(40z30°) = 6.35Z-30 0 A 


I b = I a Z-120° = 6.35Z-150° A 


I c = I a Z+120° = 6.35Z90 0 A 


Chapter 12, Solution 5. 


Vab = 1.7321xV A n^+30° = 207.8Z(32°+30°) = 207.8Z62 0 V or 

v A b = 207.8cos(tot+62°) V 

which also leads to, 

v BC = 207.8cos(tot-58°) V 

and 

v CA = 207.8cos(tot+182°) V 


207.8cos(tot+62°) V, 207.8cos(tot-58°) V, 207.8cos(tot+182°) V 



Chapter 12, Solution 6. 


Using Fig. 12.41, design a problem to help other students to better understand balanced wye-wye 
connected circuits. 

Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the Y-Y circuit of Fig. 12.41, find the line currents, the line\ voltages, and the load 
voltages. 



Figure 12.41 

Solution 

Z Y = 10+j5 = 11.18Z26.56° 


The line currents are 


220Z0° 


11.18Z26.56 C 


19.68Z - 26.56° A 


I b = I a Z -120° = 19.68Z -146.56° A 
I = I Z120° = 19.68Z93.44° A 


The line voltages are 

V ab = 220V3Z30° = 381Z30° V 
V bc = 381Z - 90° Y 
V ca = 381Z - 210° V 


The load voltages are 

V AN = I a Z Y = V an = 220Z0° V 

V BN =V bn = 220Z-120°V 
V CN = V cn = 220Z120 0 V 

















Chapter 12, Solution 7. 


This is a balanced Y-Y system. 



Z Y = 6-j8Q 


Using the per-phase circuit shown abo ve, 


I 


a 


440Z0° 

6-j8 


44Z53.13 0 A 


I b = I a Z -120° = 44Z - 66.87° A 
I c = I a Z120° = 44Z173.13 0 A 





Chapter 12, Solution 8. 


Consider the per phase equivalent circuit shown below. 

Z, 



5.396Z-35.1° A 


Ia = V an /( Z i + Z/J = (100z20°)/(10.6+jl5.2) = (100z20°)/(18.531z55.11°) 


= 5.396z-35.11° amps. 


I b = I a z-120° = 5.396z-155.11° amps. 


I c = I a z+120° = 5.396z84.89° amps. 


\ La = IaZ L = (4.414—j3.103)(10+j 14) = (5.396z-35.11°)(17.205z54.46°) 





= 92.84zl9.35° volts. 


Vib = Via £-~ 120° = 94.84z-100.65° volts. 


V tc = V La z+120° = 94.84zl39.35° volts. 



Chapter 12, Solution 9. 


V 


120Z0 0 


Z L + Z Y 20 + jl5 


4.8Z - 36.87° A 


I b = I a Z- 120°= 4.8Z-156.87° A 


I. = I Z120° = 4.8Z83.13 0 A 


As a balanced system, I n = 0 A 



Chapter 12, Solution 10. 


Since the neutral line is present, we can solve this problem on a per-phase basis. 
For phase a, 


I 


440Z0 C 


440 


Z A + 2 27-j'lO 28.79Z - 20.32 c 


■ = 15.283Z20.32 C 


For phase b. 


V 440Z - 1 20° 

I,, =- = -= 20Z -120° 


Z B + 2 


22 


For phase c, 


I = 440^120° = 440Z120° 

c Z c + 2 12 + 7 5 13Z22.62 0 


The current in the neutral line is 


I n =-(I a +I b +I c )or-I n =I a +I b +I c 

-I n =(14.332 + j5.308) + (-10 -;17.321) + (-4.346+ j33.57) 

I, =0.014-721.56= 21.56Z-89.96°A 



Chapter 12, Solution 11. 

Given that V p = 240 and that the system is balanced, Vl = 
I p = Vl/ 12—j3l = 415.7/3.606 = 115.29 A and 


I L = 1.7321x115.29 = 199.69 A. 



Chapter 12, Solution 12. 


Using Fig. 12.45, design a problem to help other students to better understand wye-delta 
connected circuits. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Solve for the line currents in the Y-A circuit of Fig. 12.45. Take Za = 60Z45 o í2. 


11 0 / 120 ° 


r 



b 


R 


C 


*c 


Figure 12.45 


Solution 


Convert the delta-load to a wye-load and apply per-phase analysis. 







I b = I a Z -120° = 5.5Z -165° A 
I =rZ120° = 5.5Z75°A 


















Chapter 12, Solution 13. 


Convert the delta load to wye as shown below. 



We consider the single phase equivalent shown below. 



I L = IIaI = 20.43 A 


S = 311/Zy = 3(20.43) 2 (3-j2) = 4514Z-33.96° = 3744 - j2522 


P = R e (S) = 3.744 kW. 





Chapter 12, Solution 14. 

We apply mesh analysis with Zl = (12+j 12) Q. 


C 

For mesh 1, 

-100 + 100Z-120"+/ 1 (14 + jl 6 ) - (1 + j2)I 2 -(12 + j\ 2 )/ 3 = 0 or 

(14 + jl 6 )/ 1 -(l + j2 )/ 2 -(12 + j'12 )/ 3 = 100 + 50-j'86.6 = 150 + 786.6 (1) 

For mesh 2 , 

100Z120" -100Z-120 0 — /j(1 + j'2)-(12 + j12 )/ 3 + (14 + jl6)/ 2 =0or 

-(1 + j2)/ 1 +(14 + j16)/ 2 -(12 + j'12 )/ 3 = -50 - 786.6 + 50 - j 86.6 = —7*173.2 (2) 

For mesh 3, 

- (12 + j\2)I x - (12 + j\2)I 2 + (36 + j' 36)/ 3 = 0 or I 3 = li + I 2 (3) 

Solving for li and I 2 using (1) to (3) gives 

11 = 12.804Z-50.19 0 A = (8.198 — j9.836) A and 

1 2 = 12.804Z-110.19° A = (-4.419 -jl2.018) A 

Ia = li = 12.804Z-50.19 0 A 
Ib = I 2 - li = 12.804Z-170.19 0 A 
I c = -I 2 = 12.804Z69.81 0 A 

As a check we can convert the delta into a wye Circuit. Thus, 










Z Y = (12+j 12)/3 = 4+j4 and I a = 100/(l+j2+4+j4) = 100/(5+j6) 
= 100/(7.8102Z50.19°) = 

12.804 Z-50.19 0 A. 

So, the answer does check. 



Chapter 12, Solution 15. 


Convert the delta load, Z A , to its equivalent wye load. 

Zye=^ = 8-jl0 


Z p =Z Y IIZ Ye = 


(12 +j5)(8-jlO) 


20-j5 


Z n = 7.812-j2.047 


8.0762-14.68° 


Z T = Z p +Z L = 8.812 —jl.047 
Z T =8.8742-6.78° 


We now use the per-phase equivalent circuit. 


I 


V 


z„ + z. 

p L 


where V„ 


210 

vr 


a 


210 

V3 (8.8742 -6.78°) 


13.6626.78° 


I 



Chapter 12, Solution 16. 


(a) l CA =-l AC = 5Z(-30° + 180°) = 5Z150 0 

This implies that 

I ab =5Z30° 

I bc =5Z-90° 

! a = !ab V3 ^ - 30° = 8.66Z0 0 A 
I b = 8.66Z-120 0 A 
I c =8.66Z120° A 

V 110Z0 0 

(b) Z A =-^ = = 22Z-30° O. 

Iab 5Z30 o 



Chapter 12, Solution 17. 


I a = 1.7321 xI A b^- 30° or 
Iab = I a /(1.7321Z-30°) = 2.887Z(-25°+30° 
Ibc = Iab^-120° = 2.887Z-115° A 
Ica = Iab^+120° = 2.887Z125° A 

2.887Z5° A, 2.887Z-115° A, 2.887Z125° A 


= 2.887Z5° A 



Chapter 12, Solution 18. 


\ ab = \ an V3 Z30° = (220Z60°)(V3 Z30°) = 381.1Z90 0 
Z A =12 +j9 = 15Z36.87° 


I 


AB 


\ AB _ 381.1Z90 0 
Z A _ 15Z36.87° 


25.4Z53.13° A 


I BC = I AB Z -120° = 25.4Z-66.87° A 


I CA = I ab Z120° = 25.4Z173.13° A 



Chapter 12, Solution 19. 


Z A = 30 + jlO = 31.62Z18.43 C 


The phase currents are 

V 


I 


ab 


173Z0 C 


31.62Z18.43 C 


5.47 Z -18.43° A 


I BC = I AB Z -120° = 5.47Z -138.43° A 
I CA = I ab Z120° = 5.47Z101.57 0 A 


The line currents are 

I. =Iab-Ica=I»bV3Z.30° 

I a = 5.47V3 Z - 48.43° = 9.474Z - 48.43° A 


I b = I a Z -120° = 9.474Z -168.43° A 
I c = I a Z120° = 9.474Z71.57° A 



Chapter 12, Solution 20. 


Using Fig. 12.51, design a problem to help other students to better understand balanced delta- 
delta connected circuits. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Refer to the Á-Á circuit in Fig. 12.51. Find the line and phase currents. Assume that the 
load impedance is 12 + j9í2 per phase. 



Figure 12.51 

Solution 


Z A = 12 + j9 = 15Z36.87 0 


The phase currents are 


= 14Z - 36.87° A 


210Z0° 

Iab “ 15Z36.87 0 
I BC = I AB Z -120° = 14Z -156.87° A 

I CA = I ab Z120° = 14Z83.13 0 A 


The line currents are 

I a = Iab V3 Z - 30° = 24.25Z - 66.87° A 
I b = I a Z -120° = 24.25Z -186.87° A 
I c = I a Z120° = 24.25Z53.13° A 














Chapter 12, Solution 21 


, , _ - 230Z120 - 230Z120 no „ 

(a) I A c =-=-= 17.96Z - 98.66° A 

10+ j8 12.806Z38.66 0 - 


Iac = 17.96Z-98.66° A 


IbB IBC IBA 1BC ^AB 


230Z-120 230Z0° 


(b) 


10 + j 8 10 + j 8 

= 17.96Z-158.66°-17.96Z-38.66° 

=-16.729-j’6.536-14.024 + jl 1.220 = -30.75 + j’4.684 


I l)B = 31.1Z171.34" A. 



Chapter 12, Solution 22. 


Convert the A-connected source to a Y-connected source. 
V 440 

V = —f=Z -30° = -j=-Z - 30° = 254Z -30 c 

Vã Vã 


Convert the A-connected load to a Y-connected load. 


Z = Z, 


= (4 +j6) II (4 — j5) = 


(4 + j6)(4-j5) 
8 + j 


Z = 5.723 -j0.2153 

Zl I a 



V 254Z-30 0 

I fl =-=---= 32.88Z-28.4° A 

Z L + Z 7.723- jO.2153 

I b = I a Z -120° = 32.88Z-148.4° A 
I c = I a Z120° =32.88Z91.6° A 






Chapter 12, Solution 23. 


(a) 



202 

25Z60" 


I. =/„„V3Z-30" 


202 Vãz - 30° 
25Z60" 


13.995Z - 90" 


I L =| l a 1= 13.995 A 


(b) 

p = p i + p 2 = SV L I L cos Q = V3(202) 


202V3 


V 25 7 


cos 60° 


= 2.448 kW 



Chapter 12, Solution 24. 


Convert both the source and the load to their wye equivalents. 

Z A 

Z Y = -y = 20Z30 0 = 17.32 + jlO 

y 

V an = - 30° = 240.2Z0 0 

We now use per-phase analysis. 


1+jíí Ia 



(1 + j) + (17.32 + jl0) 21.37Z31 0 


I b = I a Z -120° = 11.24Z -151° A 


I c =I a Z120° = 11.24Z89° A 


But I a =I AB V3Z-30 0 


_ 11.24Z-31° 
AB ~ V3 Z - 30° 


6.489Z - I o A 


I BC = I AB Z -120° = 6.489Z -121° A 
I CA = I ab Z120° = 6.489Z119 0 A 






Chapter 12, Solution 25. 

Convert the delta-connected source to an equivalent wye-connected source and consider 
the single-phase equivalent. 

440Z(10 o -30°) 

Ia_ V3 Z y 

where Z y =3+ j2 + 10-j'8 = 13-j6 = 14.318Z-24.78 0 


I 


a 


440Z-20 0 
V3(14.318Z-24.78°) 


\= 17.742z4.78° amps. 


I b = I a Z-120° = 17.742z-115.22° amps. 


I c = I a ^+120° = 17.742zl24.78° amps. 



Chapter 12, Solution 26. 


Using Fig. 12.55, design a problem to help other students to better understand balanced delta 
connected sources delivering power to balanced wye connected loads. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the balanced circuit in Fig. 12.55, V,,/, = 125Z0 0 V. Find the line currents \ u/ \, I bB, 
and I cC . 


a 


4 



Thrff-phase, 

A-connccled 


= -yi5íl 
N _;i«o 



Figure 12.55 

Solution 

Transform the source to its wye equivalent. 
V 

V an = “AZ - 30° = 72.17Z - 30° 

V3 

Now, use the per-phase equivalent circuit. 



Z = 24- jl5 = 28.3Z - 32° 


72.17Z - 30° 
aA 28.3Z-32 0 


= 2.55 Z2° A 


I bB = I aA Z -120° = 2.55Z - 118° A 


I cC = I aA Z120° = 2.55Z122 0 A 










Chapter 12, Solution 27. 

Since Z l and Z ( are in series, we can lump them together so that 
Z Y = 2 + j + 6 + j4 = 8 + j5 


^<- 30 ' 

_ A _ 

Z Y 


V L = (6 + j4)I a 


208 <-30° 

’ V3(8 + ./5) 

208(0.866 -j0.5)(6 + j4) 
V3(8 + ./5) 


= 80.81-j’43.54 


IVJ= 91.79 V 



Chapter 12, Solution 28. 


V L = |V ab | = 440 = V3Vp or V P = 440/1.7321 = 254 

For reference, let Van = 254Z0° V which leads to 
\bn = 254Z-120 0 V and V C n = 254Z120 0 V. 

The line currents are found as follows, 

l a = Wan/Zy = 254/25Z30” = 10.16Z-30° A. 

This leads to, I b = 10.16Z-150 0 A and I c = 10.16Z90° A. 



Chapter 12, Solution 29. 


We can replace the delta load with a wye load, Z Y = Z^/3 = 17+j 15Í2. 
The per-phase equivalent circuit is shown below. 


Z / 



Ia = Va„/|Z Y + Zi| = 240/| 17+j 15+0.4+jl.2| = 240/| 17.4+j 16.2| = 240/23.77 
10.095 

S = 3 [(I a ) 2 ( 17+j 15)] = 3x101.91 (17+j 15) 


= [5.197+j4.586] kVA. 





Chapter 12, Solution 30. 


Since this a balanced system, we can replace it by a per-phase equivalent, 
shown below. 



5 = V-4- = (2Q8) — = 1.4421Z45 0 kVA 

Z p 30Z-45" 

P = 5 cos 6 = 1.02 kW 





Chapter 12, Solution 31. 


P„ =6,000, cos 6* = 0.8, S =—— = 6/0.8 = 7.5kVA 
p p cos 6* 

Q p = S P sin# = 4.5 kVAR 

S =3S P =3(6 + 74.5) = 18 + jl3.5kVA 
For delta-connected load, V p = Vl= 240 (rms). But 


3V\ 


Z P = 


3V 2 P 


3(240 y 


S (18 + )13.5)jc10 


, Z p =[6.144 + y'4.608]Q 


(b) P p =Sv L I L cosÔ 


I, =— -= 18.04 A 

v3x240x0.8 


(c ) We find C to bring the power factor to unity 


Qc=Q p = 4.5 kVA 


C = Qc 2 =- 4500 - = 207.2 //F 

(õV 2 rms 2tzx 60x240 -— 



Chapter 12, Solution 32. 

Design a problem to help other students to better understand power in a balanced three- 
phase system. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

A balanced wye load is connected to a 60-Hz three-phase source with Y a b = 240Z0°V. 
The load has lagging pf =0.5 and each phase draws 5 kW. (a) Determine the load 
impedance Zy. (b) Find l a , I b , and I c . 

Solution 


(a) W ah \=sl3V p =240 


-> V =^£ = 138.56 


Vã 


V =V <-30° 

r an p 

pf =0.5 = cos# -> 9 = 60° 

P = S cos 9 -> S=—— = — = 10kVA 

cos 9 0.5 

Q = Ssin# = 10sin 60 = 8.66 
5=5 + j'8.66 kVA 


But 


V 2 

S D = -=- 


V 2 

-> z*= p 


138.56 


S (5 + j'8.66).rl0^ 


= 0.96-jl.663 


Z p = [0.96 + jl.663] Q 


(b) I 138 ~ 56< 30 =72.17 <-90° A = 72.17Z-90 0 A 

Z y 0.96 + j 1.6627 - 


/,=/„<-120° =72.17 <-210° A=72.17Z150° A 


I c = I a < +120° = 72.17 <30° A = 72.17z30° A 




Chapter 12, Solution 33. 


s = Vãv L i L ze 
s = | s | = Vã v L i L 

For a Y-connected load, 

I L =I P , V l =V3V p 
S = 3V„I p 

S 4800 

I, = 1 =-=-= 7.69 A 

L p 3V p (3)(208) 

v = V3 V n = Vãx 208 = 360.3 V 

L p 



Chapter 12, Solution 34. 


V, 220 
V-—- 

P “V3“ S 


Ia = 


V. 


220 


127.02 


a/ 3 (10 - jló) 18.868Z -58 c 


= 6.732Z58 0 


1 =1 = 6.732A 

S = Vã V L I L Z0 = Vã X 220 X 6.732Z - 58° = 2565Z - 58° 

S = [1.3592-J2.175] kVA 



Chapter 12, Solution 35. 


(a) This is a balanced three-phase system and we can use per phase equivalent circuit. 
The delta-connected load is converted to its wye-connected equivalent 

Z" y =iz A =(60 + j'30) / 3 = 20 + jlO 

II 




(c) pf = P/S = 0.9261 






Chapter 12, Solution 36. 


(a) 

03) S =3 

(c) V, = 


S = 1 [0.75 + sinícos^OJS) ] = 0.75 + j0.6614 MV A 


V 


1 - 

i P — 


3V„ 


(0.75 + j0.6614)^10 6 
3.*4200 


= 59.52 + j’52.49 


P L =1 I I 2 R, = (79.36) (4) = 25.19 kW 


V L + I p (4 + j) = 4.4381 - /0.21 kV = 4.443Z - 2.709° kV 



Chapter 12, Solution 37. 


S = 


_P 

pf 


12 

Õ6 


= 20 


S = SZ0 = 2OZ0 = 12 —jló kVA 


But S = V3 V l I l Z0 


20xl0 3 
L _ V3 x 208 


S = 3 


For a Y-connected load, I, = I . 

L-, p 


P 2 

3 I L 


(12 - jló) x 10 3 
(3)(55.51) 2 


55.51 A 


Z p =[1.298-71.731] Q 



Chapter 12, Solution 38. 


As a balanced three-phase system, we can use the per-phase equivalent shown below. 

110Z0° 110Z0° 

I = 


(1 + j2) + (9 + jl 2 ) 10 +jl4 


S,=|l.| , Zr = -” 10 L. -C> + jl2) 


(10" +14") 


The complex power is 

S = 3S = 3^——^—-(9 + 7 12) 
p 296 


S = (1.1037+jl.4716) kVA 



Chapter 12, Solution 39. 


Consider the system shown below. 



For mesh 1, 

100 = (18-j6)I 1 -51, — (8 — j6) I 3 

(1) 

For mesh 2, 

100Z -120° = 20I 2 -5Ij - 10I 3 

20Z-120° = -I 1 + 4I 2 -2I 3 

(2) 

For mesh 3, 

0 = - (8 — j6) I j — 10I 2 + (22 — j3) I 3 

(3) 

To eliminate I,, start by multiplying (1) by 2, 

200 = (36-jl2)Ij — 10I 2 — (16 — jl2)I 3 

(4) 

Subtracting (3) from (4), 

200 = (44-jl8)Ij — (38 — jl5) I 3 

(5) 

Multiplying (2) by 5/4, 

25Z-120° = -1.251, +5I 2 -2.5I 3 

(6) 

Adding (1) and (6), 

87.5 - j21.65 = (16.75-jó)!, - (10.5 - j6)I 3 

(7) 


In matrix form, (5) and (7) become 






200 


' 44 — jl 8 

-38 + jl5~ 

I, 

_87.5-jl2.65_ 


_16.75 - j 6 

-10.5 + j 6 _ 

-I3- 


A = 192.5-j26.25, A! =900.25 -j935.2, A, = 110.3-jl327.6 


I, 


A 


1298.1Z- 46.09° 

-= 6.682Z - 38.33° = 5.242 - i4.144 

194.28Z - 7.76° J 




A, = 

A 


1332.2Z-85.25° 
194.28Z - 7.76° 


= 6.857Z - 77.49° = 1.485 - j6.694 


We obtain I 2 from (6), 

1 1 

I, = 5Z-120° + —I, +-I, 

2 4 1 2 3 

I 2 = (-2.5 - j4.33) + (1.3104 - jl.0359) + (0.7425 - j3.347) 
I 2 =-0.4471 -j8.713 


The average power absorbed by the 8 -Q resistor is 

Pj = |Ij -I 3 1 2 (8) = 13.756 + j2.5511 2 (8) = 164.89 W 

The average power absorbed by the 4-Q resistor is 

P 2 = 1 1 3 1 2 (4) = (6.8571) 2 (4) = 188.1 W 

The average power absorbed by the 10-Q resistor is 

P 3 = 11 2 -1 3 1 2 (10) = | -1.9321 - j2.0191 2 (10) = 78.12 W 

Thus, the total real power absorbed by the load is 
P = P, + P 2 + P 3 = 431.1 W 



Chapter 12, Solution 40. 


Transform the delta-connected load to its wye equivalent. 

Z A 

Zy=-f = 7 + j8 


Using the per-phase equivalent circuit abo ve, 

100Z0° 

I =-= 8.567Z-46.75° 

a (1 + j0.5) + (7 + j8) 


For a wye-connected load, 

I P =1. =|l. 1 = 8-567 


S = 3 


Z p = (3)(8.567) 2 (7 + j8) 


p = Re(S) = (3)(8.567) 2 (7) = 1.541 kW 



Chapter 12, Solution 41. 


S = 


_P 

pf 


5 kW 
0.8 


= 6.25 kVA 


But S = a/3V l I l 


I 


L 


S 6.25 xlQ 3 
V3V l ~ V3x400 


9.021 A 



Chapter 12, Solution 42. 


The load determines the power factor. 


tan0 = 


40 

30 


1.333 


■> 0 = -53.13° 


pf=cos0 = 0.6 (leading) 


f 7.2 a 


S = 7.2- j —— (0.8) = 7.2- j9 .6 kVA 


V0.63 


But S = 3 


S (7.2 - j9.6) x 10 3 
3Z p “ (3)(30-j40) 


= 80 


I p = 8.944 A 


/l=I p = 8.944 A 

S _ 12xl0 3 
VÕI L V3(8.944) 


774.6 V 



Chapter 12, Solution 43. 

2 

S = 3 I Z , I = I L for Y-connected loads 

S = (3)(13.66) 2 (7.812-j2.047) 

S = [4.373-71.145] kVA 



Chapter 12, Solution 44. 

For a A-connected load, 

V„=V L , I L = V3I P 

S = V3V l I l 

S J( 12 2 +5 2 ) x 10 3 

L =-f= -= -- 7= -= 31.273 

v3 V L V3(240) 

At the source, 

V L = V L + 1,^ + 1^, 

V;=240Z0° + 2(31.273)(1 + ,/3) = 240+62.546+j 187.638 
V L = 302.546+j 187.638 = 356z31.81° 

|v; |=356 v 

Also, at the source, 

S’ = 3(31.273) 2 (l+j3) + (12,000+j5,000) = 2,934+12,000+j(8,802+5,000) 
= 14,934+j 13,802 = 20,335z42.744° thus, 0 = 42.744°. 

pf=cos(42.744°) = 0.7344 

Checking, V Y = 240/1.73205 = 138.564, S = 3(138.564) 2 /(Z Y )* = 12,000+15,000, and Z Y 
= 57,600/(12,000-j'5,000) = 57.6/(13z-22.62°) = 4.4308z22.62° = 4.09+j 1.70416. The 

total load seen by the source is l+j3+4.09+jl.70416 = 5.09+j4.70416 = 6.9309z42.74° 


per phase. This leads to 0 = Tan' 1 (4.70416/5.09) = Tan' 1 (0.9242) = 42.744°. Clearly, the 
answer checks. I| = 138.564/4.4308 = 31.273 A. Again the answer checks. Finally, 



3(31.273) 2 (5.09+j4.70416) = 2,934(6.9309z42.74°) = 20,335z42.74°, the same as we 
calculated above. 



Chapter 12, Solution 45. 


s = Vãv.Lze 


s z-e 
Il_ V^v, 


i | P 450 x 10 3 

S = — =-= 635.6 kVA 

1 1 pf 0.708 


(635.6)Z-0 

I, = r -= 834Z - 45° A 

V3 x 440 


At the source, 

V L =440Z0° + I l ( 0.5 + j2) 

y L = 440+ (834Z - 45°)(2.062Z76°) 

y L = 440 + 1719.7Z31° 

V L =1914.1 +j885.7 


V L = 2.109Z24.83 0 V 



Chapter 12, Solution 46. 


For the wye-connected load, 

I L =I P . V,=V3V„ 


I = V / Z 

P P / 


s = 3v p i; = -^ 


( 110 )= 


3|v p | 2 3| V L /Vã | 2 


= 121 W 


For the delta-connected load, 

V P = V L , I L = V3I P , i p = v p /z 

2 I 12 

. 3V P 3V l - 

s = 3v p i; = -^-=^-l 

(3)(110) 2 

S = ^-— = 363 W 

100 

This shows that the delta-connected load will absorb three times more average 
power than the wye-connected load using the same elements.. This is also evident 


from Z Y = — 



Chapter 12, Solution 47. 


pf=0.8 (lagging) -> 0 = cos _ 1 (0.8) = 36.87° 

Sj = 250Z36.87 0 = 200 + jl50 kVA 

pf = 0.95 (leading) -» 0 = cos‘(0.95) =-18.19° 

5 2 =300Z-18.19° = 285-j93.65kVA 

pf = 1.0 - > 0 = cos 1 (l) = 0 ° 

5 3 =450kVA 

S T = Sj + S 2 + S 3 = 935 + j56.35 = 936.7Z3.45° kVA 



pf = cosO = cos(3.45°) = 0.9982 (lagging) 



Chapter 12, Solution 48. 


(a) We first convert the delta load to its equivalent wye load, as shown below. 



A 



(40 + ;15)(18-jl2) =7577 _ 
A 118 + 73 

60(40 + jl5). = 2052 7 105 

118 +j3 

= 60(18-712) = g 992 _ - 6 33 0 3 
c 118 + j3 

The system becomes that shown below. 


a 2+j3 A 











or 


240 + 240Z-120 0 + 7,(2Z, +Z A +Z B )-I 2 (Z B + Z,) = 0 


(32.097 + jl 1.13)7, -(22.52 + j 10.105)7 2 = 3 60 + j207.85 (1) 

For mesh 2, 

240Z120 0 -240Z-120° -7, (Z B +Z,) + I 2 (2Z l +Z B +Z C ) = 0 
or 


-(22.52 + j'10.105)7, +(33.51 + j'6.775)/ 2 =-j415.69 (2) 

Solving (1) and (2) gives 

7, =23.75-j5.3 28, 7 2 = 15.165 -jl 1.89 

I t = 1 , = 24.34Z - 12.64" A , =/,-/,= 10.81Z-142.6” A 
7 cC = -/ 2 = 19.27Z141.9" A 

(b) S a = (240Z0 0 )(24.34Z12.64°) = 5841.6Z12.64 0 
S b = (240Z-120°)(10.81Z142.6°) = 2594.4Z22.6 0 
S c = (240Z120°)(19.27Z -141.9°) = 4624.8Z-21.9 0 
S = S a + S b + S c = 12.386 + j0.55 kVA = 12.4Z2.54 0 kVA 



Chapter 12, Solution 49. 


(a) For the delta-connected load, Z ;j = 20 + jlOQ, V p = V, = 220 (rms), 

oi/2 o 

5 = = 5808 + /2904 = 6.943Z26.56 0 kVA 

Z% (20-./10) - 

P = 5.808 kW 

(b) For the wye-connected load, Z p = 20 + /IOO. V p = V L / \Í3 , 



3x220 — = 2.164Z26.56 0 kVA 
3(20-710) - 


P = 1.9356 kW 



Chapter 12, Solution 50. 


S = Si+S 2 =8(0.6 + j 0.8) = 4.8 + j6.4kVA, S i =3kVA 
Hence, 


S 2 =S 
But Si 


S i =1.8 + j'6.4kVA 

Z*p ’ p V3 



V\ 240 2 

S 2 ~~ (1.8 + 76.4)xl0 3 


■> =2.346 + y8.34Q 



Chapter 12, Solution 51. 


This is an unbalanced system. 

240 < 0 o 240 < 0 o 


IAB 


8 + ./6 


= 19.2-j 14.4 A 


!bc - 


240Z120 0 


240Z120 0 
4.7413Z-27.65 


= 50.62Z 147.65° = [-42.76+j27.09] A 


T 240Z -120 240Z-120 r , „ .„ n A 

I rA =-=-= [-12-120.78] A 

10 


At node A, 

l aA = Iab - 1 CA = (19.2 - 714.4) -(-12 - j-20.78) = 31.2 + j6.38A 
\ bB = 1 BC -1 AB = (-42.76 + 7 27.08) -(19.2 - ;14.4) = -61.96 + 7‘41.48 A 
Icc = I CA -1 BC = (-12-720.78) -(-42.76 + 7~27.08) = 30.76-7~47.86 A 



Chapter 12, Solution 52. 


Since the neutral line is present, we can solve this problem on a per-phase basis. 

V an 120Z120 0 
I = —^ = ——— = 6Z60° 


'AN 


Ib z 


I = 


bn 


20Z60° 
120Z0 C 


= 4Z0° 


' CN 


30Z0° 
120Z-120 0 
40Z30 C 


= 3Z - 150 c 


Thus, 

-I n =I a +I b +I c 

-I n =6Z60° + 4Z0° + 3Z-150° 

-I n =(3 + j5.196) + (4) + (-2.598-jl.5) 
I n =4.405 +j3.696 = 5.75Z40° 


I n = 5.75Z220°A 



Chapter 12, Solution 53. 

Using Fig. 12.61, design a problem that will help other students to better understand 
unbalanced three-phase systems. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

In the wye-wye system shown in Fig. 12.61, loads connected to the source are 
unbalanced. (a) Calculate I„, I b , and I c . (b) Find the total power delivered to the load. 
Take Vp = 240 V rms. 



Figure 12.61 


For Prob. 12.53. 




Solution 


Applying mesh analysis as shown below, we get. 


> I- 



240Z-120” - 240 + I 6 OI 1 - 60I 2 = 0 or I 6 OI 1 - 60I 2 = 360+j207.84 (1) 

240Z120” - 240Z-120” - 6 OI 1 + 140I 2 = 0 or - 6 OI 1 + 140I 2 = -j415.7 (2) 

In matrix form, (1) and (2) become 


0 

VO 

1 

0 

VO 

1_ 

"V 


"360+ j 207.84" 

-60 140 

J 2 ! 


-7415.7 


Using MATLAB, we get, 


» Z=[ 160,-60;-60,140] 

Z = 

160 -60 
-60 140 

» V=[(360+207.8i);-415.7i] 
V = 

l.Oe +002 * 

3.6000 + 2.0780Í 
0 - 4.1570Í 
»I=inv(Z)*V 
1 = 

2.6809 + 0.2207Í 
1.1489 - 2.8747Í 





Ii = 2.681+jO.2207 and I 2 = 1.1489-j2.875 

I a = Ii = 2.69Z4.71° A 

l b = l 2 - Ij = —1.5321—j3.096 = 3.454Z-116.33° A 

I c = -I 2 = 3.096Z111.78 0 A 

S a =1 I a I 2 Z, = (2.69) 2 xl00 = 723.61 
S b =1 I b I 2 Z b = (3.454) 2 .t60 = 715.81 
S c =1 / f I 2 Z e = (3.0957) 2 x80 = 766.67 

S = S fl +S 6 + S c = 2.205 kVA 



Chapter 12, Solution 54. 

Consider the load as shown below. 



T 210 < 0 o 

=-= 2.625 A 

80 - 


li, = 


210Z0 C 


210 


60 + j90 108.17Z56.31 C 


= 1.9414Z-56.31° A 


2 10 < 0 ° 

_ /1UjCU_ _ 2()25 < _ 9 QO A 

j 80 - 

5, =VI* =210x2.625 = 551.25 


S b =VI h = 


IV I 2 


210 2 


V = 


-6 60 - j'90 

m 2 2io 2 


= 226.15 + j 339.2 


= j’551.25 


Z e -j 80 

S = S a + S h + S c = 111A + j890.45 VA 




1 


Chapter 12, Solution 55. 

The phase currents are: 


I ab = 240/j 25 = 9.6Z-90° A 
Ica = 240Z120740 = 6Z120° A 
ler = 240Z-120730Z30 0 = 8Z-150 0 A 


The complex power in each phase is: 

Sab =1 Iab I 2 Z AB = (9.6) 2 j'25 = j’2304 

V =1 I AC I 2 Z AC = (6) 2 40 < 0 o = 1440 

S BC =1 I BC I 2 Z sc = (8) 2 30 < 30° = 1662.77 + ,/960 
The total complex power is 

S=S AB + S AC + S BC = 3102.77 + j'3264 VA 


= [3.103+j3.264] kVA 



Chapter 12, Solution 56. 


Using Fig. 12.63, design a problem to help other students to better understand unbalanced three- 
phase systems. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Refer to the unbalanced circuit of Fig. 12.63. Calculate: 

(a) the line currents 

(b) the real power absorbed by the load 

(c) the total complex power supplied by the source 



Figure 12.63 

Solution 

(a) Consider the circuit below. 



For mesh 1, 

440Z - 120 o - 440Z0° + jlO(Ij -1 3 ) = 0 













( 1 ) 


(440)(1.5+ jO. 866) 

I, -I 3 =-- ^ Q J -- = 76.21Z-60° 


For mesh 2, 

440Z120 0 -440Z -120° + 20(I 2 -1 3 ) = 0 
(440XJ1.732) 

i,-r=— Yo — =j381 

For mesh 3, 

jlO(I 3 — I i) + 20 (I 3 —1 2 ) — j5I 3 = 0 


Substituting (1) and (2) into the equation for mesh 3 gives, 


I 3 = 


(440)(-1.5 +j0.866) 
j5 


= 152.42Z60 0 


( 2 ) 


(3) 


From (1), 

I, =I 3 + 76.21Z-60° = 114.315+ j66 = 132Z30° 
From (2), 

I 2 = I 3 - j38.1 = 76.21 + j93.9 = 120.93Z50.94 0 


I a =1, = 132Z30 0 A 

I b = I 2 - Ij =-38.105 +j27.9 = 47.23Z143.8 0 A 
I c = I 2 = 120.9Z230.9 0 A 

(b) S AB = 1 1, -1 3 1 2 (jlO) = J58.08 kVA 
SRe = 11 2 -I 3 1 2 (20) = 29.04 kVA 

S CA = 1 1 3 | 2 (-j5) = (152.42) 2 (-J5) = -j 116.16kVA 

s = S AB +S BC +S CA = 29.04- J58.08 kVA 
Real power absorbed = 29.04 kW 

(c) Total complex supplied by the source is 

S = 29.04-j58.08 kVA 



Chapter 12, Solution 57. 


We apply mesh analysis to the circuit shown below. 



(100+ j 80)7, -(20 + j 30)/ 2 =V fl -V h =165 + j 95.263 (1) 

-(20+730)/, +(80- jl0)/ 2 =y fo -V c = -7190.53 (2) 

Solving (1) and (2) gives /, = 1.8616 - 70.6084, I 2 = 0.9088 - 7'1.722 . 

/„=/,= 1.9585Z -18.1" A , I b =I 2 -I í= -0.528 - 71.1136 = 1.4656Z -130.55" A 

I c = -I 2 = 1.947Z117.8" A 




Chapter 12, Solution 58. 


The schematic is shown below. IPRINT is inserted in the neutral line to measure the 
current through the line. In the AC Sweep box, we select Total Ptss = 1, Start Freq. 
0.1592, and End Freq. = 0.1592. After simulation, the output file includes 

FREQ IM(V_PRINT 4) IP(V_PRINT4) 

1.592 E-01 2.156 E+01 -8.997 E+01 

i.e. I n = 21.56Z-89.97 0 A 


R2 



25 

Cl 


LI 

5H 


10 



Chapter 12, Solution 59. 


The schematic is shown below. In the AC Sweep box, we set Total Pts = EStartFreq 
= 60, and End Freq = 60. After simulation, we obtain an output file which includes 


FREQ 

VM(1) 

VP(1) 

6.000 E+01 

2.206 E+02 

-3.456 E+01 

FREQ 

VM(2) 

VP(2) 

6.000 E+01 

2.141 E+02 

-8.149 E+01 

FREQ 

VM(3) 

VP(3) 

6.000 E+01 

4.991 E+01 

-5.059 E+01 


i.e. Van = 220.6Z-34.56 0 , V BN = 214.1Z-81.49 0 , V CN = 49.91Z-50.59 0 V 





Chapter 12, Solution 60. 


The schematic is shown below. IPRINT is inserted to give I 0 . We select Total Pts = 1, 
Start Freq = 0.1592, and End Freq = 0.1592 in the AC Sweep box. Upon simulation, 
the output file includes 



FREQ 

IM( V_PRINT 4) 

IP(V_PRINT4) 


1.592 E-01 

1.953 E+01 

-1.517 E+01 

from which, 

Io = 19.53Z-15.17 0 A 






Chapter 12, Solution 61. 


The schematic is shown below. Pseudocomponents IPRINT and PRINT are inserted to 
measure Ra and V B n- In the AC Sweep box, we set Total Pts = l,StartFreq = 0.1592, 
and End Freq = 0.1592. Once the circuit is simulated, we get an output file which 
includes 


FREQ 
1.592 E-01 
FREQ 
1.592 E-01 


VM(2) 
2.308 E+02 


1.115 E+01 


VP(2) 

-1.334 E+02 


3.699 E+01 


IM(V_PRINT2) IP(V_PRINT2) 


from which 


IaA = H.15Z37 0 A, Vbn = 230.8Z-133.4 0 V 







Chapter 12, Solution 62. 


Using Fig. 12.68, design a problem to help other students to better understand how to use PSpice 
to analyze three-phase circuits. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

The Circuit in Fig. 12.68 operates at 60 Hz. Use PSpice to find the source current I,,/, and 
the line current I/,«. 



Figure 12.68 

Solution 

Because of the delta-connected source involved, we follow Example 12.12. In the AC Sweep 
box, we type Total Pts = l,StartFreq = 60, and End Freq = 60. After simulation, the output 
file includes 


FREQ IM(V_PRINT2) 

6.000 E+01 5.960 E+00 

FREQ IM(V_PRINT1) 

6.000 E+01 7.333 E+07 


IP(V_PRINT2) 
-9.141 E+01 
IP(V_PRINT1) 
1.200 E+02 


From which 


Iab = 3.432Z-46.31 0 A, I bB = 10.39Z-78.4 0 A 















Chapter 12, Solution 63 


Let co = 1 so that L = X/co = 20 H, and C = —— = 0.0333 F 

ooX 



When the file is saved and run, we obtain an output file which includes the following: 


FREQ IM(V_PRINT 1 )IP( V_PRINT 1) 

1.592E-01 1.867E+01 1.589E+02 

FREQ IM(V_PRINT2)IP(V_PRINT2) 

1.592E-01 1.238E+01 1.441E+02 
From the output file, the required currents are: 

I aA = 18.67Z158.9" A, I AC = 12.38Z144.1" A 




























































































Chapter 12, Solution 64. 

We follow Example 12.12. In the AC Sweep box we type Total Pts = 1, Start Freq 
0.1592, and End Freq = 0.1592. After simulation the output file includes 


FREQ 

IM(V_PRINT1) 

IP(V_PRINT1) 

1.592 E-01 

4.710 E+00 

7.138 E+01 

FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

6.781 E+07 

-1.426 E+02 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.592 E-01 

3.898 E+00 

-5.076 E+00 

FREQ 

IM(V_PRINT4) 

IP(V_PRINT4) 

1.592 E-01 

3.547 E+00 

6.157 E+01 

FREQ 

IM(V_PRINT5) 

IP(V_PRINT5) 

1.592 E-01 

1.357 E+00 

9.781 E+01 

FREQ 

IM(V_PRINT6) 

IP(V_PRENT6) 

1.592 E-01 

3.831 E+00 

-1.649 E+02 


from this we obtain 

IaA = 4.71Z71.38 0 A, I bB = 6.781Z-142.6 0 A, I cC = 3.898Z-5.08 0 A 


Iab = 3.547Z61.57 0 A, I AC = 1.357Z97.81 0 A, I BC = 3.831Z-164.9 0 A 






Chapter 12, Solution 65. 


Due to the delta-connected source, we follow Example 12.12. We type Total Pts = 1, 
Start Freq = 0.1592, and End Freq = 0.1592. The schematic is shown below. Afterit 
is saved and simulated, we obtain an output file which includes 


FREQ 

IM(V_PRINT1) 

IP(V_PRINT1) 

1.592E-01 

1.140E+01 

8.664E+00 

FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.592E-01 

1.140E+01 

-1.113E+02 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.592E-01 

1.140E+01 

1.287E+02 


Thus, I aA = 11.02Z12 0 A, I bB = 11.02Z-108 0 A, I cC = 11.02Z132 0 A 


































Since this is a balanced circuit, we can perform a quick check. The load resistance is 
large compared to the line and source impedances so we will ignore them (although it 
would not be difficult to include them). 

Converting the sources to a Y configuration we get: 

V an = 138.56 Z-20° Vrms 

and 


Z Y = 10 - j6.667 = 12.019Z-33.69 0 
Now we can calculate, 

I aA = (138.56 Z-20°)/(12.019Z-33.69°) = 11.528Z13.69" 

Clearly, we have a good approximation which is very close to what we really have. 



Chapter 12, Solution 66. 


V L 208 

(a) 


120 V 


(b) Because the load is unbalanced, we have an unbalanced three-phase 
system. Assuming an abc sequence, 

120Z0 0 

= 2.5Z0°A 


I, 


I 2 = 


I 3 = 


48 

120Z -120° 
40 

120Z120 0 


= 3Z -120° A 


60 


= 2Z120° A 


■I N =I 1 +I 2 +I 3 =2.5 +(3) 


■ 0.5 — j 


.Vã' 


+ ( 2 ) 


0.5 +j 


.Vã 


Vã 

I N = j— = j0.866 = 0.866Z90 0 A 


Hence, 


I, = 2.5 A, I 2 = 3 A, I 3 = 2 A. 


I N = 0.866 A 


(c) P 3 = I 2 1 R 1 =(2.5) 2 (48) = 300 W 
P 2 =I;R 2 =(3) 2 (40) = 360 W 
p 3 =I“R 3 =(2) 2 (60)= 240 W 


(d) P T = P, + P 2 + P, = 900 W 



Chapter 12, Solution 67. 


(a) The power to the motor is 

P T = ScosB = (260X0.85) = 221 kW 

The motor power per phase is 
1 

p =-p =73.67 kW 

p 3 T 

Hence, the wattmeter readings are as follows: 
W a =73.67 + 24= 97.67 kW 

W b =73.67 + 15= 88.67 kW 
W c =73.67 + 9= 82.67 kW 


(b) 


The motor load is balanced so that I M = 0. 


For the lighting loads, 
24,000 


I = 


I b = 


120 

15,000 

120 


= 200 A 


= 125 A 


9,000 

■‘=w= 75A 


If we let 

I a =I a Z0° = 200Z0°A 
I b =125Z-120°A 
I c = 75Z120 0 A 


■In -I a +Ib +I C 


-I N = 200 + (125) 


■ 0.5 - j 


,V3' 


+ (75) 


-0.5 +j 




-I N = 100-j43.3 A 
|l N |= 108.97 A 


Then, 



Chapter 12, Solution 68. 

(a) 

S = V3 V L I L = V3 (330X8.4) = 4801 VA 

(b) 

P 

P = Scos0 -» pf = cos0 = — 

iJ 


4500 

pf = -= 0.9372 

F 4801.24 

(c) 

For a wye-connected load, 

1=1 = 8.4 A 

P L 

(d) 

V L 330 

V n = = 190.53 V 

p V3 V3 



Chapter 12, Solution 69. 

For load 1, 

Si= S l cos 0 x -\-jS l sin 6 X 

pf = 0.85 = cos -> 0 X =31.79° 

5i = 13.6+ j'8.43 kVA 
For load 2, 

$7 = 12*0.6 + ;12*0.8 = 7.2+ /'9.6 kVA 
For load 3, 

5 3 =8 + jO kVA 

Therefore, 

S = Si + S 2 + S 3 = [28.8+jl8.03] kVA 

Although we can solve this using a delta load, it will be easier to assume our load is 
wye connected. We also need the wye voltages and will assume that the phase angle 
on V an = 208/1.73205 = 120.089 is -30 degrees. 


Since S = 3 VI* or f = S/(3V) = (33,978z32.048°)/[3(120.089)z-30°] = 


94.31z62.05° A. 


Ia = 94.31Z-62.05° A, I b = 94.31zl77.95° A, I c = 94.31z57.95° A 


I = 138.46 - j86.68 = 163.35Z-32 0 A. 



Chapter 12, Solution 70. 


P T = P 1 + p 2 = 1200 - 400 = 800 
Q t = p 2 - p, = -400-1200 = -1600 
Q t -1600 

tan0 = — = —— = -2 - > 9=-63.43° 

P T 800 

pf = cos 0 = 0.4472 (leading) 


Z 


p 



240 

~ 6 ~ 


= 40 


Z p = 40Z - 63.43° Q 



Chapter 12, Solution 71. 


(a) 


If V ah = 208Z0°, V hc = 208Z-120 0 , V ca = 208Z120 0 


Iab “z 


IfiC “z 


ab 


Ab 


bc 


208 Z0 C 
20 

208Z-120° 


BC 


10V2Z-45 


= 10.4Z0 0 

= 14.708Z - 75° 


IcA “ Z 


CA 


208Z120° 

13Z22.62 0 


= 16Z97.38 C 


IaA=lAB-IcA=10.4Z0°-16Z97.38 o 
1^ =10.4 + 2.055- jl5.867 
1^ =20.171Z-51.87° 


ice = I CA -Íbc = 16Z97.83°- 14.708Z-75° 

I cC =30.64ZlOl.03 0 

p i = | y ab II1^ |cos(0 Vab -e I<A ) 

Pj = (208X20.17 l)cos(0° + 5 1.87°) = 2.590 kW 

p 2 =|V cb ||l cC |cos(0 Vcb -0 Icc ) 

But V cb = -V bc = 208Z60° 

P 2 = (208)(30.64) cos(60° -101.03°) = 4.808 kW 

(b) P T =P!+P 2 =7398.17 W 

Q t = V3 (P 2 - Pj ) = 3840.25 VAR 
S T =P T + jQ T = 7398.17 + j3840.25 VA 



Chapter 12, Solution 72. 

From Problem 12.11, 

V AB = 220Z130 0 V and I aA = 30Z180 0 A 

P, = (220)(30) cos(l 30° - 1 80°) = 4.242 kW 

V cb = -V BC = 220Z190 0 
I cC = 30Z - 60° 

P 2 = (220)(30) cos(190°+ 60°) = -2.257 kW 



Chapter 12, Solution 73 


Consider the circuit as shown below. 


240Z-60 0 V 


240Z-120 0 V 


li 



Z = 10 +j30 = 31.62Z71.57 0 


240Z - 60° 
31.62Z71.57 0 
240Z -120° 
31.62Z71.57 0 


7.59Z -131.57° 
7.59Z -191.57° 


I c Z + 240Z - 60 o - 
-240 

Ic = 31.62Z71.57 0 


240Z -120° = 0 
= 7.59Z108.43° 


I, =I a -I e =13.146Z-101.57° 

I 2 =I b + I C =13.146Z138.43° 

P, = Re[ V, I; ] = Re[ (240Z - 60°)(13.146Z101.57°) ] = 2.360 kW 
P 2 = Re [V 2 i; ] = Re[(240Z - 120°)(13.146Z -138.43°)]= -632.8 W 








Chapter 12, Solution 74. 


Consider the circuit shown below. 


Z = 60-j30Q 



For mesh 1, 

208 = 2ZI, - ZI 2 


For mesh 2, 

-208Z -60°= - ZI 1 +2ZI 2 


In matrix form, 


208 


~2Z 

-z 

I, 

208Z - 60°^ 


.-z 

2Z_ 

I 2 - 


A = 3Z 2 , A, =(208)(1.5 + j0.866)Z, A 2 = (208)(jl.732)Z 


A, (208)(1.5 +j0.866) 

I, = — = -- 22 ---- = 1.789Z56.56 0 

1 A (3)(60-j30) 


I 


A 2 (208)( jl .732) 


= 1.79Z116.56 C 


2 A (3)(60-j30) 

P, = Re[ V, i;] = Re[ (208)(1.789Z - 56.56°) ] = 208.98 W 
P 2 =Re[v 2 (-I 2 )* ] = Re [(208Z-60°))(1.79Z63.44°)]= 371.65 W 








Chapter 12, Solution 75. 


(a) I 

(b) I 


V 12 

R “ 6ÕÕ 

V 120 
R = 6ÕÕ 


20 ni A 

200 ni A 



Chapter 12, Solution 76. 


If both appliances have the same power rating, P, 


1 = 


P 


P 


For the 120-V appliance, 

l ' 120 ' 
P 

For the 240-V appliance, 

Is “ 240 


Power loss = I 2 R = i 


P 2 R 

120 2 
p 2 r 

.240 2 


for the 120-V appliance 
for the 240-V appliance 


Since > ——7 , the losses in the 120-V appliance are higher. 

120 2 240 2 vv * 



Chapter 12, Solution 77. 

P g =P T -P.oa d -P. I „e, P f =0.85 

But P T = 36OOcos0 = 3600 x pf = 3060 

P g = 3060 - 2500 - (3)(80) = 320 W 



Chapter 12, Solution 78. 


COS0, = —— = 0.85 - > 9, =31.79° 

60 

Qj = S, sin0 1 = (60)(0.5268) = 31.61 kVAR 
p 2 = Pl =51kW 

cos0 2 = 0.95 - > 0 2 =18.19° 

P 2 

S, =—=r- = 53.68 kVA 
" cos 0 2 

Q 2 =S 2 sin0 2 = 16.759 kVAR 
Q c =Q, -Q 2 =3.61-16.759 = 14.851 kVAR 
For each load, 

Q 

Q cl = -y- = 4.95 kVAR 
Qci 4950 

C “ coV 2 “ (2 tt)(60)(440) 2 ' 6? ‘ 82 ^ 



Chapter 12, Solution 79. 


Consider the per-phase equivalent circuit below. 


Ia 20 



Thus, 

I b = I a Z -120° = 17.15Z -139.65° A 
I c = I a Z120° = 17.15Z100.35 0 A 

V AN =I a Z Y = (17.15Z-19.65°)(13Z22.62°) = 223Z2.97 0 V 


V BN = V AN Z -120° = 223Z -117.63° V 
V CN = V an Z120° = 223Z122.97° V 


Thus, 






Chapter 12, Solution 80. 


S = S l +S 2 +S 3 = 6[0.83 + 7 ‘sin(cos 1 0.83)] + S 2 + 8(0.7071- j0.7071) 

S = 10.6368- j2.3l + S 2 kVA (1) 

But 

S = Sv l I l Z6 = V3(208)(84.6)(0.8 + j0.6) VA = 24.383+ j 18.287 kVA (2) 

From (1) and (2), 

S 2 =13.746 + j20.6 = 24.76Z56.28 kVA 

Thus, the unknown load is 24.76 kVA at 0.5551 pf lagging. 



Chapter 12, Solution 81. 


pf = 0.8 (leading) -> 0, = -36.87° 

S, = 150Z- 36.87° kVA 

pf = i.o —> e 2 =o° 

5 2 =100Z0°kVA 

pf = 0.6 (lagging) -> 03 =53.13° 

5 3 =200Z53.13°kVA 


S 4 =80 +j95kVA 


s = s,+s 2 +s 3 +s 4 

S = 420 + jl65 = 451.2Z21.45° kVA 
S=V3 V l I l 


I 


L 


s 

V3V l 


451.2 xlQ 3 

V3x480 


= 542.7 A 


For the line, 

S L =311 Z L =(3)(542.7) 2 (0.02 + j0.05) 

S L =17.67 + j44.18 kVA 

At the source, 

S T =S + S L =437.7 + j209.2 
S T = 485.1Z25.55° kVA 

S T 485.1 xlQ 3 
T ~ V3 I l _ V3x 542.7 


516 V 



Chapter 12, Solution 82. 


— - V 

Si =400(0.8 + j 0.6) = 320 + ./'240 kVA, S 2 =3^ 

Z p 

For the delta-connected load, V L = V 


- ( 2400) 2 

Si =3x- -— = 1053.7 + j842.93kVA 

KJ -./' 8 

S = Si + S 2 =1.3737 + jl.0829 MV A 

Let 1 = 1] + I 2 be the total line current. For li. 


S,=3V e r,. v p =^h 

. 5, _ (320 + j240).rl0 3 

SV L V3(2400) 

For I 2 , convert the load to wye. 


/, =76.98-j'57.735 


I, =I D j3Z-30° 

Z, [J 


10+78 


/ = /, +/ 2 =350-7347.5 


30° =273.1-7289.76 


V s = V L + V„ ne = 2400 + 7(3 + 76 ) = 5.185 + 7 1.405 kV 


■> IV. 1= 5.372 kV 



Chapter 12, Solution 83. 


^ = 120*746*0.95(0.707 + j0.707) = 60.135 + ,/60.135 kVA, 


5 = 5, +5, =140.135 + j'60.135 kVA 


But I 5 1= SV L I L 


15 1 _ 152.49jrl0 3 
L V3*480 


S 2 =80kVA 


183.42 A 



Chapter 12, Solution 84. 


We first find the magnitude of the various currents. 
For the motor, 

S 4000 

I, =-p-=- i= = 5.248 A 

L V3V 440 V3 


For the capacitor, 


Qc 1800 

I r = —=-= 4.091 A 

c V L 440 


For the lighting, 


440 

Vp - vt _ 254V 


P Li 800 

I Ti = —=-= 3.15 A 

Ll V 254 


Consider the figure below. 


Ia 


a 


-►- 

+ 1 

y ab f 

ib 

-►-\ 

r IC \ 

S -jX c \ 

h 

w | 


* 1 

Ic 

h / 

-►- 

-1-►-X 


t *Li 


R 


n 


If v an =v p zo°, 


y ab = V3v p z30° 
V cn =V p Z120° 


I 


c 


y 


ab 


-jX c 


= 4.091Z120 0 




v ab 

I, = —= 4.091Z(0 + 30°) 

Za 

where 9 = cos" 1 (0.72) = 43.95° 

I, = 5.249Z73.95° 

1 2 =5.249Z-46.05° 

1 3 =5.249Z193.95° 

y 

I n = — = 3.15Z120° 

Ll R 

Thus, 

I a =I,+I C =5.249Z73.95° + 4.091Z120° 

I a = 8.608Z93.96 0 A 

I b = I 2 -I c = 5.249Z- 46.05°-4.091Z120 0 

I h = 9.271Z - 52.16° A 

I c =I 3 +I Li =5.249Z193.95° + 3.15Z120° 

I c = 6.827Z167.6° A 

I = -I Li =3.15Z-60° A 



Chapter 12, Solution 85 


Let Z Y = R 


V, 240 

V n =^ = ^ = 138.56 V 

p Vã Vã 

27 V 2 

p = VI = — = 9 kW = — 
p p 2 R 


R = 



(138.56) 2 

9000 


2.133 Q 


Thus, Z Y = 2.133 Q 



Chapter 12, Solution 86. 


Consider the circuit shown below. 

1Q 



For the two meshes, 

120 = (26- j2)Ij -I 2 (1) 

120 = (17 + j4) 1 2 -Ij (2) 


In matrix form, 


120~ 


"26-j2 

-1 

I , 

120_ 


-1 

17 + j4_ 

- I 2 _ 


A = 449 +j70, A, =(120)(18 + j4), A, = (120)(27 - j2) 


I, 

I 2 


A 

A 


120 x 18.44Z12.53° 
454.42Z8.86 0 
120 x27.07Z-4.24° 
454.42Z8.86 0 


4.87Z3.67° 

= 7.15Z -13.1 


O 


I aA =1, = 4.87Z3.67 0 A 
I bB =-l 2 = 7.15Z166.9 0 A 


I„n=I 2 -Ii = 


A 0 - A 


2 


A 


(120)(9 — j6) 

I.m = . = 2.856Z - 42.55° A 


L nN 


449 + j70 







Chapter 12, Solution 87. 


L = 50 mH -> jcoL = j(2 tt:)( 60)(5010‘ 3 ) = jl8.85 

Consider the circuit below. 


1Q 



15 + jl8.85 Q 


Applying KV1 to the three meshes, we obtain 
23Ij -2I 2 -20I 3 =115 

- 2Ij +33I 2 — 30I 3 =115 
-201! -301, + (65 + jl8.85)I 3 =0 

In matrix form, 


" 23 

-2 

-20 

V 


115“ 

-2 

33 

-30 

h 

= 

115 

-20 

-30 

65 +jl8.85 

_h_ 


0 


( 1 ) 

( 2 ) 

(3) 


A = 12,775+ jl4,232, A, = (115)(1975 +j659.8) 

A 2 = (115)(1825 + j471.3), A 3 = (115)(1450) 


I, 

I 2 


A, 

A 

Al 

A 


115x2082Z18.47 c 

19214Z48.09 0 


115 x 1884.9Z14.48 0 


= 12.52Z-29.62° 


= 11.33Z-33.61 0 


I -I, 


19124Z48.09 C 
A 2 -A, _ (115)(-150 — jl88.5) 
Ã ~ 12,775 +jl4,231.75 


1.448Z -176.6° A 


Sj = V, i; = (115)(12.52Z29.62°) = [1.252 + yO.7116] kVA 
S 2 = V 2 1* = (115)(1.33Z33.61°) = [1.085 + yO.7212] kVA 






Chapter 13, Solution 1. 

Forcoill, Li-Mi 2 + M 13 = 12-8 + 4 = 8 
For coil 2, L 2 - M 21 - M 23 = 16 - 8 - 10 = - 2 
For coil 3, L 3 + M 31 - M 32 = 20 + 4 - 10 = 14 
L x = 8 - 2 + 14 = 20H 

or L t = L ] + L 2 + L 3 — 2M j 2 — 2M 23 + 2M j 3 

L x = 12 + 16 + 20 - 2x8 - 2x10 + 2x4 = 48 - 16 - 20 + 8 

= 20H 



Chapter 13, Solution 2. 


Using Fig. 13.73, design a problem to help other students to better understand mutual inductance. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Determine the inductance of the three series-connected inductors of Fig. 13.73. 


4 II 



Figure 13.73 

Solution 


L - Li + L 2 + L 3 + 2Mi2 — 2 M 23 — 2 M 31 
= 10 + 12 +8 + 2x6 - 2x6 -2x4 


= 22H 







Chapter 13, Solution 3. 


Li +L 2 + 2M = 500 mH 

(1) 

Li +L 2 -2M = 300 mH 

(2) 

Adding (1) and (2), 



2Li + 2L 2 = 800 mH 

But, hi = 3L 2j , or 8L 2 + 400, and L 2 = 100 mH 

L, = 3L 2 = 300 mH 

From (2), 150 + 50-2M = 150 leads to M = 50 mH 

k = =50/VK)0 ,v300 = 0.2887 

300 mH, 100 mH, 50 mH, 0.2887 



Chapter 13, Solution 4. 


(a) For the series connection shown in Figure (a), the current I enters each coil from 
its dotted terminal. Therefore, the mutually induced voltages have the same sign as the 
self-induced voltages. Thus, 

L e q = Li + 1.2 + 2M 



(b) For the parallel coil, consider Figure (b). 

Is = li +12 and Z e q = VA 
Applying KVL to each branch gives, 

V s = jcoLiIj +jcoMI 2 (1) 

V s = jcoMIi + jcoL 2 I 2 (2) 


"V.l 


jcoL 1 

jcoM 

V 

vj 


jcoM 

jcoL 2 

l 2_ 


A = -co 2 LiL 2 + co 2 M 2 , Ai = jcoV s (L 2 - M), A 2 = jcoV s (Li-M) 
li = Ai/A, and I 2 = A 2 /A 

I s = Ij +I 2 = (A, + A 2 )/A = jco(Li +L 2 -2M)V s /(-co 2 (L 1 L 2 -M 2 )) 
= (Li + L 2 - 2M)V s /( jco(LiL 2 - M 2 )) 

Zeq = V s /I s = jco(LiL 2 - M 2 )/(Li + L 2 - 2M) = jcoL eq 

i.e., L eq = (L 1 L 2 - M 2 )/(Li + L 2 - 2M) 




Chapter 13, Solution 5. 


(a) If the coils are connected in series, 

L = L x + L 2 + 2M = 50 +120 + 2(0.5)^50x120 

(b) If they are connected in parallel, 


T L.L, -M 2 50x120-38.72 2 

L = ——-=- mH = 

L x +L 2 -2M 50 + 120-2x38.72 


(a) 247.4 mH, (b) 48.62 mH 


= 247.4 mH 


48.62 mH 



Chapter 13, Solution 6. 

M = = 0W40a- 5 = 8.4853 mH 

40 mH - > jcoL = /2000a40a 1 0 = j80 

5 mH - > jcoL= /2000a5a1 0 = jlO 

8.4853 mH -» jcoM = ;2000a8.4853a 10 = jl6.97 

We analyze the circuit below. 


16.77 Q 



Vj = ./80/, - /16.97/ 2 (1) 

V 2 =-16.971, + jl0/ 2 (2) 

But, V i = 20Z0° V and H = 4Z-90° A. Substituting these into (1) produces 
I, = [(Vi+j 16.97I 2 )/j80] = [(20+jl6.97(-j4))/j80] = 1.0986Z-90 0 A or 

i 1 = 1.0986sin(tot) A 

From (2), V 2 = -16.97x(-j 1.0986) + j 10(-j4) = 40 + j 18.643 = 44.13Z25° or 


v 2 = 44.13cos(tot+25°) V. 



Chapter 13, Solution 7. 


We apply mesh analysis to the circuit as shown below. 



For mesh 1, 

(2+j6)I j + jl2 = 24 

For mesh 2, 

jli + (2-j+j4)I 2 = jli + (2+j3)I 2 = 0 or 1 1 = (-3+j2)I 2 
Substituting into the first equation results in I 2 = (-0.8762+j0.6328) A. 


V 0 = I 2 xl = 1.081Z144.16 0 V. 



















Chapter 13, Solution 8. 


2 H - > jcoL = j 4x2 = j 8 

1 H -» jü)L = j’4xL= /4 

Consider the circuit below. 



2 = (4 + j8)/ I -j4/ 2 
0 = -j4I l+ (2 + j4)I 2 

In matrix form, these equations become 


~ 2 ~ 


4 + ./'8 

-j 4 " 

A 

0 


_ -i' 4 

2 + j’4_ 

y 2 _ 


Solving this leads to 

I 2 = 0.2353 -j0.0588 
V = 2I 2 = 0.4851 Z-14.04 0 


Thus, 


v(t) = 485. lcos(4t-14.04°) mV 






















Chapter 13, Solution 9. 


Consider the circuit below. 


2 Q 2 O -jl 



For loop 1, 


For loop 2, 


8Z30° = (2+j4)I 1 -jI 2 


(j4 + 2 -j)I 2 — jl! + (—j2) = 0 


or F = (3 — j2)i 2 — 2 


Substituting (2) into (1), 8Z30° + (2 + j4)2 = (14 + j7)I 2 


(1) 

( 2 ) 


I 2 = (10.928 +jl2)/(14+j7) = 1.037Z21.12 0 


V x = 2I 2 = 2.074Z21.12 0 V 





Chapter 13, Solution 10. 


2 H 
0.5 H 

1 r? 

2 


> jcoL = j 2x2 = j 4 


■> 


■> 


jcoL = j 2x0.5 = j 



1 

j2x\ / 2 


Consider the circuit below. 




24 = j’4/j - jl 2 

0 = ~jl | + (,/4 —./)/ 2 -» 0 = -/,+ 3/ 2 

In matrix form, 


(D 

( 2 ) 


"24" 


~j 4 -/ 

A" 

0 


-! 3 

h_ 


Solving this, 

/ 2 =-72.1818, K = —jl 2 = -2.1818 


v 0 (t) = -2.1818cos2t V 



























Chapter 13, Solution 11. 


800 mH - > jcoL = j 600x800x10 = 7 480 

600 mH - > jcoL = /'óOOxóOO.rl 0 = j’360 

1200 mH -> jcoL = j600x1200x10 3 = jl20 

12pF -+ — =-^-- = -j 138.89 

j®C 600xl2xl0“ 6 


After transforming the current source to a voltage source, we get the circuit shown below. 


200 j480 -j 138.89 150 



For mesh 1, 

800 = (200+ ./480 + jl20)I x + ,/360/ 2 - ./720/ 2 or 

800 = (200 + 71 200)7] - j'360/ 2 (1) 

For mesh 2, 

110Z30 0 + 150—j 138.89+j720)I 2 +j360Ii =0or 

-95.2628-;55 = -j360/,+ (150+ j581.1)/ 2 (2) 

In matrix form, 


800 


"200 + 71200 

-7360 

A 

-95.2628 -j55 


-7360 

150 + 7581.1 

_h_ 


Solving this using MATLAB leads to: 

» Z = [(200+1200i),-360i;-360i,(150+581.li)] 
Z = 

1.0e+003 * 

0.2000+ 1.2000Í 0 - 0.3600Í 



























0-0.3600Í 0.1500 + 0.581H 
» V = [800;(-95.26-55i)] 

V = 

1.0e+002 * 

8.0000 

-0.9526 - 0.5500Í 
»I = inv(Z)*V 
1 = 

0.1390-0.7242Í 
0.0609 - 0.2690Í 

I x = Ij -1 2 = 0.0781 - j0.4552 = 0.4619Z-80.26 0 . 

Hence, 

i x (t) = 461.9cos(600t-80.26°) mA. 



Chapter 13, Solution 12. 



Applying KVL to the loops, 

l = ./16/,+./8/ 2 (1) 

0 = ./8/,+./36/ 2 (2) 

Solving (1) and (2) gives li = -j0.0703. Thus 

Z =T = J L „ -» l ., = ~T= 14.225 H, 

We can also use the equivalent T-section for the transform to find the equivalent 
inductance. 



Chapter 13, Solution 13. 


4 Q 4Q 



-80 + (4+j5)Ii + j2h = 0or (4+j5)Ii + j2I 2 = 80 


j2Ii +(4+j6)I 2 = 0 orI 2 = [-j2/(7.2111z56.31°)]Ii =(0.27735Z-146.31°)Ji 


[4+j5 +j2(-0.230769-j0.153846)]! i = [4+j5+0.307692-j0.461538]Ii = 80 


[4.307692+j4.538462]!! = 80 or 1! = 80/(6.2573z46.494°) 


= 12.78507z-46.494° A. 




4+j5+0.5547z-56.31° = 4+0.30769+j'(5-0.46154) 


= [4.308+j4.538] íl. 



Chapter 13, Solution 14. 


To obtain V T h, convert the cuiTent source to a voltage source as shown below. 

j2 

5 0 jóO j8Q -j3Q 2 0 



coL = coLi + coL 2 - 2coM 


jtoL = j6 +j8-j4 = jlO 


Thus, -j50 + (5 + jlO - j3 + 2)1 + 40 = 0 

I = (- 40 + j50)/ (7 + j7) 

But, -j50 + (5 + j6)I - j2I + V Th = 0 

V Th - j50 - (5 + j4)I = j50 - (5 + j4)(-40 + j50)/(7 + j7) 

V Th = 26.74Z34.il 0 V 

To obtain Z-| h , we set all the sources to zero and insert a 1-A current source at the terminais 
a-b as shown below. 


j2 






Clearly, we now have only a super mesh to analyze. 


(5+j6)I 1 -j2I 2 + (2+j8-j3)I 2 -j2I 1 = 0 

(5 + j4)Ij + (2 + j3)I 2 = 0 (1) 

But, I 2 -I, = 1 or I 2 = i! - 1 (2) 

Substituting (2) into (1), (5 + j4)Ij +(2 + j3)(l + li) = 0 

li = -(2+j3)/(7+j7) 

Now, ((5+j6)Ii-j2Ii + V 0 = 0 

V 0 = -(5+j4)I 1 = (5+j4)(2+j3)/(7+j7) = (-2 +j23)/(7+j7) = 2.332Z50 0 

Z Th = Vo/l = 2.332Z50°Q. 



Chapter 13, Solution 15. 

The first step is to replace the mutually coupled circuits with the equivalent circuits using 
dependent sources. To obtain I N , short-circuit a-b as shown in Figure (a) and solve for I sc . 



(a) 

Now all we need to do is to write our two mesh equations. 

Loop 1. -100Z60 0 + 201] + jl0(I 1 -I 2 )+j5I 2 = 0or(20+jl0)I 1 -j5I 2 = 100Z60 0 

or (4+j2)Ii - jl 2 = 20Z30° 

Loop 2. -j5I 2 + jlO(I 2 -Ii) + j20I 2 + j5(Ii—1 2 ) = 0 or-j5Ii + j20I 2 - 0 or h = 4I 2 

Substituting back into the first equation, we get, (4+j2)4I 2 - jl 2 = 20Z30 0 or (16+j7)I 2 = 20Z30°. 
Now to solve for I 2 = I sc = I N = (20Z30°)/(16+j7) = (20Z30°)/(17.464Z23.63°) = 1.1452Z6.37° A. 



(b) 


To solve for Z N = Z eq = V oc /I sc , all we need to do is to solve for V oc . In circuit (b) we note that I 2 = 0 and 
we get the mesh equation, -100Z30 0 + (20+jl0)Ii = 0 or I 2 = (100Z30°)/(22.36Z26.57°) = 4.472Z3.43 0 A. 
V oc — j 10I 2 -j5Ii (induced voltage due to the mutual coupling) = j5Ii = 22.36Z93.43 0 V. 

Z eq = Z N = (22.36Z93.43°)/(1.1452Z6.37°) - 19.525Z87.06 0 O. 

or [1.0014+j 19.498] O. 





Chapter 13, Solution 16. 



- 80 + (8 - j2 + j4)Ij — jl 2 = 0 -> (8 +j2)Ij - jl 2 =80 (1) 

j6i 2 -ji i=0 -> I 1= 6I 2 (2) 


Solving (1) and (2) leads to 
80 

I =1 =—-= 1.584- j0. 362 =1.6246z-12.91° A 

N 2 48 + jll 


To find Zn, insert a 1-A current source at terminais a-b. Transforming the current source to 
voltage source gives the circuit below. 






= [j/(8.24621zl4.036°)]I 2 = 0.121268z75.964°I 2 


= (0.0294113+j0.117647)I 2 

(3) 

2 + (2 + j’6)/ 2 - jl x = 0 

(4) 


Solving (3) and (4) leads to (2+j6)I 2 - j(0.0294113+j0.117647)1 2 = -2 or 
(2.117647+j5.882353)I 2 = -2 or I 2 = -2/(6.25192z70.201°) = 0.319902zl09.8°. 

V ab = 2(1+ I 2 ) = 2(1-0.1083629+j0.30099) = (1.78327+j0.601979) V = lZ eq or 

Z eq = (1.78327+jO.601979) = 1.8821Z18.65 0 O 

An alternate approach would be to calculate the open circuit voltage. 

-80 + (8+j2)l! - jl 2 = 0 or (8+j2)I 1 - jl 2 = 80 
(2+j6)I 2 - jli = 0 or i! = (2+j6)I 2 /j = (6-j2)I 2 (6) 

Substituting (6) into (5) we get, 

(8.24621z14.036°)(6.32456z- 18.435°)I 2 - jl 2 = 80 or 


[(52.1536z-4.399°)-j]I 2 = [52-j5]I 2 = (52.2398z-5.492°)I 2 = 80 or 



I 2 = 1.5314z5.492° A and V oc = 2I 2 = 3.0628Z5.492 0 V which leads to, 


Z eq = V oc /I sc = (3.0628z5.492°)/(1.6246z-12.91°) = 1.8853Z18.4 0 O 


This is in good agreement with what we determined before. 



Chapter 13, Solution 17. 


jú)L = j 40 


40 _ 40 _ 2667 rad/s 

L 15.H0’ 3 


M=ky[Z^ = 0.6Vl2d0 3 x30d0 3 = 11.384 mH 
If 15 mH -► 40 Q 


Then 12 mH -► 

30 mH ->■ 

11.384 mH -► 


32 n 
80 Q 
30.36 Q 


The Circuit becomes that shown below. 



Zl~J40Í2 


Z.... 


22 + j 32 + 


co 2 M 2 

780 + 60 + j’40 


= 22 + 732 + 


(30.36) 2 
60 + 7120 


= 22 + 732 +--= 22 + 732+ 6.87Z-63.43° = 22 + 732 + 3.073-76.144 

134.16Z63.43 0 


= [25.07+ j25.86] Í2. 




Chapter 13, Solution 18. 

Replacing the mutually coupled Circuit with the dependent source equivalent we get, 



Now all we need to do is to find V oc and I sc . To calculate the open circuit voltage, we 
note that R is equal to zero. Thus, 

-120 + (4 + j'(-4+5+6))Ii = 0 or li = 120/(4+j7) = 120/(8.06226z60.255°) 

= 14.8842z-60.255°. 

Voc = V Thev = j5Ii + (4+j 6)1! = (4+j 1 1)^ 

= (11.7047z70.017 o )(14.8842z-60.255°) = 174.22z9.76° V 


To find the short circuit current (I sc = I 2 ), we need to solve the following mesh equations, 




Mesh 1 


-120 + (—j4+j5)Ii — j5I 2 + (4+j6)(Ii-I 2 ) = 0 or 

(4+j7)1! - (4+jl 1)I 2 = 120 (1) 


Mesh 2 

(4+j6)(1 2 —1 1 ) — j5Ii +j22I 2 = 0 or -(4+jl 1)1! + (4+j28)I 2 = 0 or 
li = (28.2843Z81.87°)I 2 /( 11.7047Z70.0169°) = (2.4165z 11.853°)I 2 


Substituting this into equation (1) we get, 


(8.06226z60.255°)(2.4165zl 1.853°)I 2 - (4+j 11)I 2 = 120 or 


[(19.4825Z72.108 0 ) - 4 -j 11]I 2 = 120 and 


[5.9855+j 18.5403—4—j 11]I 2 = (1.9855+j7.5403)I 2 = 120 or 


I 2 = I sc = 120/(7.79733Z75.248°) = 15.3899z-75.248 0 A 


Checking using MATLAB we get, 

» Z = [(4+7j) (-4-1 lj);(-4-l lj) (4+28j)] 
Z = 

4.0000 + 7.0000Í -4.0000 -11.0000Í 
-4.0000 -11.0000Í 4.0000 +28.0000Í 

»V = [120;0] 

v = 

120 

0 



»I = inv(Z)*V 

1 = 

16.6551 -33.2525Í (li) 

3.9188 -14.8829Í (I 2 = I sc ) = 15.3902Z—75.248° (answer checks) 

Finally, 

Z eq = V Thev/I sc = (174.22z9.76°)/(15.3899z-75.248°) 

= (11.32z85.01°) O 



Chapter 13, Solution 19. 

X La = Xli - (-X M ) = 40 + 25 = 65 Q and X Lb = X L2 - (-X M ) = 40 + 25 = 55 Q. 
Finally, Xc = X M thus, the T-section is as shown below. 

j65Q j55Q 

__ 


-j25Q 



Chapter 13, Solution 20. 


Transform the current source to a voltage source as shown below. 


k=0.5 

4 Q jlO jlO 8 Q 



k = M/JL í L 2 or M = k^L,L, 

coM = kJcõL I (õL 2 = 0.5(10) = 5 

Formeshl, j 12 = (4 + jlO - j5)Ii + j5l2 + j5l2 = (4 + j5)Ij + j 10I 2 
For mesh 2, 0 = 20 + (8 + jlO - j5)I 2 + j5I i + j5I i 

-20 = +jl0I, +(8+j5)I 2 


From (1) and (2), 


jl2lj4 + j5 + jlOTl," 
20 J L+jl0 8 + j5j[l 2 _ 


( 1 ) 

( 2 ) 


A = 107 + j60. A, = -60 —j296, A 2 = 40-j 100 
h = A,/A = 2.462272.18° A 

1 2 = A 2 /A = 8782-97.48° mA 

1 3 = I, -1 2 = 3.329274.89° A 

11 = 2.462 cos(1000t +72.18°) A 

1 2 - 0.878 cos(1000t-97.48°) A 
At t - 2 ms, 1000t - 2rad - 114.6° 

0(0.002) = 2.462cos(114.6° +72.18°) = -2.445A 





-2.445 


i 2 = 0.878cos(l 14.6°-97.48°) = -0.8391 
The total energy stored in the coupled coils is 

w = 0.5L i i i“ + 0.5L 2 i 2 + Mi]i 2 

Since coL! - 10 and co - 1000, L] = L 2 = 10 mH, M = 0.5L! - 5mH 

w - 0.5(0.01)(-2.445) 2 + 0.5(0.01)(-0.8391) 2 + 0.05(-2.445)(-0.8391) 

w = 43.67 mj 



Chapter 13, Solution 21. 


Using Fig. 13.90, design a problem to help other students to better understand energy in a 
coupled circuit. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find 1 1 and I 2 in the circuit of Fig. 13.90. Calculate the power absorbed by the 
4-Q resistor. 



Solution 

For mesh 1, 36Z30 0 = (7 + j6)Ii - (2 + j)I 2 (1) 

Formesh2, 0 = (6 + j3 — j4)I 2 — 2Ii — jli = -(2 + j)1 1 + (6 - j)I 2 (2) 


Placing (1) and (2) into matrix form, 


36Z30 o_ 


0 



7 + j6 - 2 - j 
-2-j 6 -j 


V 


A = 45 + j25 = 51.48Z29.05 0 , Ai = (6-j)36Z30° = 219Z20.54 0 


A 2 = (2 + j)36Z30° = 80.5Z56.57 0 , h = A,/A = 4.254Z-8.51 0 A , I 2 = A 2 /A = 1.5637Z27.52 0 A 
Power absorbed by the 4-ohm resistor, 

= 0.5(I 2 ) 2 4 = 2(1.5637) 2 = 4.89 watts 

















Chapter 13, Solution 22. 

With more complex mutually coupled circuits, it may be easier to show the effects of the 
coupling as sources in terms of currents that enter or leave the dot side of the coil. Figure 
13.85 then becomes, 



Note the following, 

Ia = II -I 3 

Ib = I 2 -Il 
Ic = I3-I2 

and Io = I 3 

Now all we need to do is to write the mesh equations and to solve for I G . 

Loop # 1, 

-50 + j20(I 3 -1 2 ) j 40(1 1 -1 3 ) +jlO(I 2 -Ii)-j30(I 3 -I 2 ) + j80(Ii -1 2 ) - jlO(I, -1 3 ) 
= 0 

jlOOIi -j60I 2 -j40I 3 =50 


Multiplying everything by (l/j 10) yields 101 1 - 6I 2 - 4I 3 = - j5 


( 1 ) 









Loop # 2, 

jlO(Ii -1 3 ) + j80(I 2 -Ii) + j30(I 3 -I 2 ) - j30(I 2 - li) + j60(I 2 -1 3 ) - j 20 (Ii -1 3 ) + 100 I 2 
= 0 

-j601 1 + (100 + j80)I 2 - j 20 I 3 = 0 ( 2 ) 

Loop # 3, 

-j50I 3 +j20(Ii -I 3 ) +j60(I 3 -I 2 ) +j30(I 2 -10 -jlO(I 2 -L) +j40(I 3 -L) -j20(I 3 -I 2 ) = 0 

-j401 1 - j20I 2 +jlOI 3 = 0 

Multiplying by (l/j 10) yields, -41 1 - 2I 2 + I 3 = 0 (3) 

Multiplying (2) by (l/j20) yields -3L + (4 - j5)I? -13 = 0 (4) 

Multiplying (3) by (1/4) yields -L - 0.5I 2 - 0.2513 = 0 (5) 

Multiplying (4) by (-1/3) yields h - ((4/3) - j(5/3))I 2 + (1/3)I 3 = -j0.5 (7) 

Multiplying [(6)+(5)] by 12 yields (-22 + j20)I 2 + 7I 3 = 0 (8) 

Multiplying [(5)+(7)] by 20 yields -221 2 - 3I 3 = -jlO (9) 

( 8 ) leads to I 2 = -7I 3 /(-22 + j20) = 0.2355Z42.3 0 = (0.17418+j0.15849)I 3 (10) 

(9) leads to I 3 = (j 10 — 22I 2 )/3, substituting (1) into this equation produces, 

I 3 = j3.333 + (-1.2273 - jl.l623)I 3 
or I 3 = I 0 = 1.3040Z63 0 amp. 



Chapter 13, Solution 23. 


co = 10 


0.5 H converts to jeoLi = j5 ohms 
1 H converts to jcoL 2 = j 10 ohms 
0.2 H converts to jcoM - )2 ohms 
25 mF converts to l/(jcoC) = 1/(10x25x10 3 ) = -j4 ohms 

The frequency-domain equivalent Circuit is shown below. 


j5 J 2I 2 jlO J 2I t 



For mesh 1, -12 + j5I j + j2I 2 + (—j4)(Ii—1 2 ) = 0 or jlj + j6I 2 = 12 or 

li + 6I 2 = —j 12 

For mesh 2, (—j4)(I 2 —li) + jlOI 2 + j2Ii + 5I 2 = 0 or 

j6I, + (5+j6)I 2 — 0 

From(l), li = —j 12 — 61 2 

Substitiiting this into (2) produces, 

j6(—j 12—6I 2 ) + (5+j6)I 2 = 0 = 72 + (5+j6-j36)I 2 or 


d) 

( 2 ) 


(5-j30)I 2 = (30.414z-80.54°)I 2 = -72 or I 2 = 2.367z-99.46° A 


li = -jl2 - 6( -0.38909-j2.3351) = 2.33454 +j(-12+14.0106) 


= 2.33454 + j2.0106) = 3.081z40.74° A 


Checking using matrices, 





ro + ]6> 

-61 

Li < 9+ V]fe]-l 

[”^■“1 whlch loads to 

141 

L -16 

1 Jr-Iiai 


3>16- 

136 L Q J 













Ii - [(72-j60)/(5—j30)] = (93.723z-39.806°)/(30.414z-80.538°) = 3.082z40.73° A and 


Thus, 

At t = 


h = [-72/(30.414^.—80.54)] = 2.367Z-99.46 0 A 


i, (t) = 3.081cos(10t + 40.74°) A, i 2 (t) = 2.367cos(10t - 99.46°) A. 

15 ms, 10t = 10x15x10 3 = 0.15 rad = 8.59° 

ii = 3.081cos(49.33°) = 2.00789 A 

Í 2 = 2.367cos(-90.87°) = -0.03594 A 

w = 0.5(5)(2.00789) 2 + 0.5( 1)(—0.03594) 2 - (0.2)(2.00789)(-0.03594) 
= 10.079056 + 0.0006458 + 0.0144327 = 10.094 J. 


3.081cos(10t + 40.74°) A, 2.367cos(10t - 99.46°) A, 10.094 J. 



Chapter 13, Solution 24. 


(a) k = M/JlJ7 2 = 1/V4x2 = 0.3535 

(b) co = 4 

1/4 F leads to l/(jcoC) = -j/(4x0.25) = -j 
lll(-j) = -j/(l-j) = 0.5(1-j) 

1 H produces jcoM = j4 
4Hproduces j 16 

2 H becomes j8 


J4 
2 Q 



12 = (2+jl6)Ii +j4I 2 

or 6 = (1 +j8)Ii + j2I 2 (1) 

0 = (j8 + 0.5 -j0.5)I 2 + j4Ii or h = (0.5 + j7.5)I 2 /(-j4) (2) 

Substituting (2) into (1), 

24 = (-11.5 — j51 -5)I 2 or I 2 = -24/(11.5 +j51.5) = -0.455Z-77.41 0 
V 0 = I 2 (0.5)(l - j) = 0.3217Z57.59 0 

Vo = 321.7cos(4t + 57.6°) mV 

(c) From (2), li = (0.5 + j7.5)I 2 /(-j4) = 0.855Z-81.21 0 

ii = 0.885cos(4t - 81.21°) A, i 2 = -0.455cos(4t - 77.41°) A 

At t = 2s, 

4t = 8rad = 98.37° 





ii = 0.885cos(98.37°-81.21°) = 0.8169 
i 2 = -0.455cos(98.37° - 77.41°) = -0.4249 
w = 0.5L i i i — + O. 5 L 2 Í 2 2 + MÍ 1 Í 2 

= 0.5(4)(0.8169) 2 + 0.5(2)(-.4249) 2 + (l)(0.1869)(-0.4249) = 1.168 J 



Chapter 13, Solution 25. 

m = k^/LjLj = 0.5 H 

We transform the circuit to frequency domain as shown below. 

12sin2t converts to 12Z0°, co = 2 
0.5 F converts to l/(jcoC) = -j 
2 H becomes jcoL = j4 



Applying the concept of reflected impedance, 

Z ab = (2 — j)M( 1 + j2 + (l) 2 /(j2 + 3 + j4)) 

= (2 -j)ll(l + j2 + (3/45) - j6/45) 

= (2 -j)ll(l + j2 + (3/45) — j6/45) 

= (2 - j)ll( 1.0667 +j 1.8667) 

=(2 - j)(1.0667 + jl.8667)/(3.0667 +j0.8667) = 1.5085Z17.9 0 Q 
Io = 12Z07(Z ab + 4) = 12/(5.4355 +j0.4636) = 2.2Z-4.88 0 


i G = 2.2sin(2t - 4.88°) A 




Chapter 13, Solution 26. 


M = k^JhJ7 2 



For mesh 1, -200z60° + (50-j30+j20)Ii - jl7I 2 = 0 or 


(50—j 10)Ii -jl7I 2 = 200z60° (1) 


For mesh 2, (10 + j40)I 2 - jl7Ii = 0 or -jl7Ij + (10+j40)I 2 = 0 (2) 

In matrix form, 

200Z60°1 [50-jlO -jl7 Ti," 

0 J l -jl7 10 + j40j|_I 2 

10 +j40 jl7 

_ I! | [ jl7 50-jioj |~200Z60°~ 

_ I 2 J _ 500 + 400 + 289 - jl00 + j2,000 [ 0 




Ii = (10+j40)(200z60°)/( 1,189+j 1,900) 


= (41.23 lz75.964 o )(200z60°)/(2,241.4Z57.962 0 ) = 3.679z78° A and 


h = jl7(200z60 o )/(2,241.4z57.962°) = 1.5169z92.04° A 


Io = h = 1.5169z92.04° A 


It should be noted that switching the dot on the winding on the right only reverses the direction 
Oflo. 



Chapter 13, Solution 27. 


1 H -» jcoL = j 20 

2 H - > jcoL= j'40 

0.5 H -> jú)L= jlO 

We apply mesh analysis to the circuit as shown below. 

10 Q 



shown. 

For mesh 1, 

-40 + 81 1 + j20Ii - jlOI 2 = 0 or (8+j20)Ii - jlOI 2 = 40 (1) 

For mesh 2, 

j40I 2 — j 101 1 + 50(I 2 +1 3 ) = 0 or-jl01i + (50+j40)I 2 + 50I 3 = 0 (2) 

For mesh 3, 

-40 + 10I 3 + 50(1 3 + I 2 ) = 0 or 50I 2 + 60I 3 = 40 (3) 

In matrix form, (1) to (3) become 


8 +j20 

-jlO 

0" 


"40" 

-jlO 

50 + j40 

50 

1 = 

0 

0 

50 

60 


40 


» Z=[(8+20i),- 10i,0;- 10i,(50+40i),50;0,50,60] 
Z = 

8.0000+20.0000Í 0-10.0000Í 0 


50 Q 

























O-lO.OOOOi 50.0000 +40.0000Í 50.0000 
0 50.0000 60.0000 

» V=[40;0;40] 

V = 

40 

0 

40 

»I=inv(Z)*V 
1 = 

0.6354- 1.5118i 
0.0613+ 0.4682Í 
0.6156 - 0.39011 

Solving this leads to I50 = I2 + I3 = 0.0613+0.6156 + j(0.4682-0.3901) = 


0.6769+j0.0781 = 0.6814z6.58° A or I 50rms II 5 o rms l = 0.6814/1.4142 = 481.8 mA. 


The power delivered to the 50-0 resistor is 

p = (I 50rms ) 2 R = (0.4818) 2 50 = 11.608 W. 



Chapter 13, Solution 28. 

We find Zjh by replacing the 20-ohm load with a unit source as shown below. 


jlOQ 



For mesh 1, 0 = (8 - jX + j'12)/, - j'10/ 2 (1) 

For mesh 2, 

1 + jl5I 2 - ylO/, = 0 -> /, =1.5/,-0.1.7 (2) 

Substituting (2) into (1) leads to 

_ -1.2 + j'0.8 + 0.1X 
2_ 12 + j'8 - jl.5X 

z 1 _ 12 + j'8 - jl.5X 
Th -I 2 1.2- j0.8-0.1X 

Jn 2 +(8-1.5X) 2 , 

1 Z TI 1= 20 = ; - > 0 = 1.75X 2 +72X-624 

^(l.2-0AX) 2 +0.8 2 


Solving the quadratic equation yields X = 6.425 O 




Chapter 13, Solution 29. 


30 mH becomes jcoL = j30xl0 3 xl0 3 = j30 
50 mH becomes j50 
Let X = coM 

Using the concept of reflected impedance, 

Z in = 10 + j30 + X 2 /(20 + j50) 

I, = V/Z in = 165/(10+j30 + X 2 /(20+j50)) 
p = 0.511 1 1 2 (10) = 320 leadsto lljl 2 = 64 orlljl = 8 
8 = 1165(20+j50)/(X 2 +(10+ j30)(20+j50))l 
= 1165(20 +j50)/(X 2 - 1300+ jl 100)1 
or 64 = 27225(400 + 2500)/((X 2 - 1300) 2 + 1,210,000) 
(X 2 - 1300) 2 + 1,210,000 = 1,233,633 
X = 33.86 or 38.13 
If X = 38.127 = coM 
M = 38.127 mH 





165 = (10 + j30)I i — j38.127I 2 


(1) 


0 = (20+j50)I 2 -j38.127I 1 (2) 

10 + j30 - j38.127TI, “ 

- j38.127 20 + j50 _||_I 2 _ 

A = 154 + j 1100 = 1110.73482.03°, Ai = 888.5468.2°, A 2 = j6291 
li = Ai/A = 84-13.81°, I 2 = A 2 /A = 5.66447.97° 
ii = 8cos(1000t-13.83°), i 2 = 5.664cos(1000t + 7.97°) 

At t = 1.5 ms, 1000t = 1.5 rad = 85.94° 
ii = 8cos(85.94° - 13.83°) = 2.457 
i 2 = 5.664cos(85.94° + 7.97°) = -0.3862 
w = 0.5Liir + 0.5L 2 i 2 “ + Mi]i 2 
= 0.5(30)(2.547) 2 + 0.5(50)(-0.3862) 2 - 38.127(2.547)(-0.3862) 


In matrix form, 


165 

0 


= 130.51 mj 



Chapter 13, Solution 30. 

(a) Z in = j40 + 25 + j30 + (10) 2 /(8 + j20 - j6) 

= 25 + j70 + 100/(8 + jl4) = (28.08 +j64.62) ohms 

(b) jcoL a = j30 — j 10 = j20, jcoLb = j20 — j 10 = jlO, jcoL e = j 10 
Thus the Thevenin Equivalent of the linear transformer is shown below. 


j40 25 Q j20 jlO 8 Q 



Z m = j40 + 25+ j20+j 1011(8 +j4) = 25 + j60 + jl0(8 + j4)/(8 + jl4) 

= (28.08+j64.62) ohms 



Chapter 13, Solution 31. 


Using Fig. 13.100, design a problem to help other students to better understand linear 
transformers and how to find T-equivalent and Fl-equivalent circuits. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the circuit in Fig. 13.99, find: 

(a) the T-cquivalcnt circuit, 

(b) the Fl-equivalent circuit. 


5 H 



o 


o 


c 



o 


Figure 13.99 


Solution 


(a) 


L a = L! - M = 10H 


L b = L 2 - M = 15 H 


L c = M = 5 H 


(b) 


LiL 2 -M 2 = 300-25 = 275 


L a =(L 1 L 2 -M 2 )/(L 1 -M) = 275/15 = 18.33 H 


L b = (LiL 2 - M 2 )/(Li - M) = 275/10 = 27.5 H 


L c = (LjL 2 - M 2 )/M = 275/5 = 55 H 










Chapter 13, Solution 32. 


We first find Z, n for the second stage using the concept of reflected impedance. 



Z in ’ = jcoL b + co 2 M b 2 /(R + jcoL b ) = (j®L b R - co 2 L b 2 + co 2 M b 2 )/(R + jcoL b ) 

( 1 ) 

For the first stage, we have the circuit below. 



Zjn — j(OL a "t" co M a “/(jcoL a + Zi n ) 

= (—CO“L a “ + CO“M a “ + jcoL a Zin)/( jcoL a + Zin) (2) 


Substituting (1) into (2) gives, 


-co 2 L 2 a + co 2 M a + jcoL 


2a k1 


(jcoL b R-co 2 L 2 b +co 2 M 2 ) 
R + jcoL b 


j®L a + 


jcoL b R - orL b + or M b 
R + jcoL b 


—Rco~L a ~ + co”M a 'R — jco L b L a + jco L b M a ~ + jcoL a (jcoLbR — co L b + co M b ) 
jcoRLa -co 2 L a L b + jcoL b R - co 2 L a 2 + co 2 M b 2 

co 2 R(L a 2 + L a L b - M a 2 ) + jco 3 (L a 2 L b + L a L b 2 - L a M b 2 - L b M a 2 ) 

in = ” ““ “ “ ‘ “ ” “ ' “ 


co 2 (L a L b +L b 2 - M b 2 ) - jcoR(L a +L b ) 





Chapter 13, Solution 33. 


Z in = 10 + jl2 + (15) 2 /(20 + j 40 — j5) = 10+j 12 + 225/(20+j35) 
= 10+j 12 +225(20-j35)/(400+ 1225) 

= (12.769+j7.154) O 



Chapter 13, Solution 34. 


Using Fig. 13.103, design a problem to help other students to better understand how to find the 
input impedance of circuits with transformers. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the input impedance of the circuit in Fig. 13.102. 


16 íí 



Solution 

Insert a 1-V voltage source at the input as shown below. 

j6Q 

1 £2 K ^ 8 £2 



For loop 1, 

1 = (1+j10)/ i -7'4/ 2 (1) 




















For loop 2, 


0 = (8 + j’4 +./10- ./2)/ 2 + /27, - j'6/j -> 0 = - j7, + (2 + ,/3)/ 2 (2) 

Solving (1) and (2) leads to I 1= 0.019 -j0.1068 

Z = — = 1.6154 + /9.077 = 9.219Z79.91" Q 

h - 

Altematively, an easier way to obtain Z is to replace the transformer with its equivalent T 
Circuit and use series/parallel impedance combinations. This leads to exactly the same result. 



Chapter 13, Solution 35. 

For mesh 1, 



16 = (10 + j4)/j + j'2/ 2 

( 1 ) 

For mesh 2, 

0 = j2I x + (30 + j26)I 2 - 7 I 2/3 

( 2 ) 

For mesh 3, 

0 = -jl2 / 2 + (5 + j\ l )/ 3 

(3) 


We may use MATLAB to solve (1) to (3) and obtain 

li = 1.3736 - j0.5385 = 1.4754Z-21.41 0 A 
h = -0.0547 - j0.0549 = 77.5Z-134.85 0 mA 
I 3 = -0.0268-j0.0721 = 77Z-110.41 0 mA 

1.4754Z-21.41 0 A, 77.5Z-134.85 0 mA, 77Z-110.41 0 mA 



Chapter 13, Solution 36. 


Following the two rules in section 13.5, we obtain the following: 


(a) 

V 2 /Vi = -n, 

I 2 /I 1 

= -l/n 

(n = V 2 /VO 

(b) 

V 2 /V 1 = -n, 

I 2 /I 1 

= -l/n 


(c) 

V 2 /V 1 = n, 

I 2 /I 1 

= l/n 


(d) 

V 2 /V 1 = n, 

I 2 /I 1 

= -l/n 




Chapter 13, Solution 37. 


(a) n - 

(b) S, 

(c) I 


V 2 2400 
V\ ~ 480 “ - 


= I 1 V 1 =S 2 =I 2 V 2 =50,000 


50,000 

2400 


20.83 A 


50,000 

480 


104.17 A 



Chapter 13, Solution 38. 

Design a problem to help other students to better understand ideal transformers. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

A 4-kVA, 2300/230-V rms transformer has an equivalent impedance of 2Z10°Q on the 
primary side. If the transformer is connected to a load with 0.6 power factor leading, 
calculate the input impedance. 

Solution 

Z; n = Z p +Z L /n 2 , n = v 2 /vi = 230/2300 = 0.1 
v 2 = 230 V, s 2 = v 2 I 2 * 

I 2 * = s 2 /v 2 = 17.391Z-53.13 0 or I 2 = 17.391Z53.13 0 A 
Z L = v 2 /I 2 = 230Z0717.391Z53.13 0 = 13.235Z-53.13 0 
Z in = 2Z10° + 1323.5Z-53.13 0 
= 1.97 + j0.3473 + 794.1 — jl058.8 

Z in = 1.324Z-53.05 0 kO 



Chapter 13, Solution 39. 

Referred to the high-voltage side, 

Z L = (1200/240) 2 (0.8Z10 o ) = 20Z10 0 

Z m = 60Z-30 0 + 20Z10 0 = 76.4122Z-20.31 0 

li = 1200/Zin = 1200/76.4122Z-20.31 0 = 15.7Z20.31 0 A 

Since S = IiVi = I 2 V 2 , h = I 1 V 1 /V 2 

= (1200/240)( 15.7Z20.31 0 ) = 78.5Z20.31 0 A 



Chapter 13, Solution 40. 

Consider the circuit as shown below. 


Rtii li 





Chapter 13, Solution 41. 


We reflect the 2-ohm resistor to the primary side. 

Z in = 10 + 2/n 2 , n = -1/3 

Since both li and I 2 enter the dotted terminais, Zi„ = 10 + 18 = 28 ohms 
li = 14Z0728 = 500 mA and I 2 = Ii/n = 0.5/(-l/3) = -1.5 A 



Chapter 13, Solution 42. 

We apply mesh analysis to the circuit as shown below. 


50 O -jlQ 



For mesh 1, 

-80 + (50—j)Ii +Vi =0 
For mesh 2, 

-V 2 + (2+j20)I 2 = 0 

At the transformer terminais, 

V 2 = 2V i or 2V i -V 2 = 0 
li =2I 2 orIi-2I 2 = 0 
From (1) to (4), 


50 — J 

Ç 1 

0 

M 

0 

Z-bjZQ 0 

-1 


0 

0 2 

-1 

Vi 

1 

—2 0 

0 

LvJ 


Solving this with MATLAB, 

» A = [(50-j) 0 1 0;0 (2+20j) 0 -1;0 0 2 



( 1 ) 

( 2 ) 

(3) 

(4) 


80 

Q 

0 

Q 


- 1 ; 1 -2 0 0 ] 


A = 


Columns 1 through 3 

50.0000- l.OOOOi 0 1.0000 

0 2.0000 + 20 . 0000 Í 0 

0 0 2.0000 
1.0000 - 2.0000 0 

Column 4 


0 

- 1.0000 

- 1.0000 



























0 


» B = [80;0;0;0] 

B = 

80 

0 

0 

0 

» C = inv(A)*B 
C = 


1.5743-0.1247Í 

(li) 

0.7871 -0.0623Í 

(I 2 ) 

1.4106 + 7.8091Í 

(Vi) 

2.8212 +15.61811 

(V 2 ) 


h = (787.1—J62.3) mA or 789.6z-4.53 0 mA 


The power absorbed by the 2-Q resistor is 

p = |I 2 | 2 r = (0.7896) 2 2 = 1.2469 W. 



Chapter 13, Solution 43. 


Transform the two current sources to voltage sources, as shown below. 


10 Q 12 Q 



Using mesh analysis, -20+10Ii+vi = 0 

20 = vi + 1011 (1) 

12 + 12 I 2 -V 2 = 0 or 12 = V 2 - 1212 (2) 

At the transformer terminal, V 2 = nvi = 4vi (3) 

I, = nl 2 = 41 2 (4) 

Substituting (3) and (4) into (1) and (2), we get, 

20 = V] + 401 2 (5) 

12 = 4vi - 12I 2 (6) 


Solving (5) and (6) gives vi = 4.186 V and V 2 = 4v = 16.744 V 





Chapter 13, Solution 44. 


We can apply the superposition theorem. Let ii = ii’+ii” and i 2 = ii + 12 ' 
where the single prime is due to the DC source and the double prime is due to the 
AC source. Since we are looking for the steady-state values of ii and Í 2 , 

ii’ = i 2 ’ = 0 . 

For the AC source, consider the circuit below. 



v 2 /vi = -n, 12 ’VIi” = -l/n 

But v 2 = v m , vi = -v m /n or li” = v m /(Rn) 

I 2 ” = -irvn = -v m /(Rn 2 ) 


Hence, 


ii(t) = (v m /Rn)coscot A, and i 2 (t) = (-v m /(n 2 R))cos©t A 




Chapter 13, Solution 45. 


48 Q 



: L =8—— = 8-j4, n= 1/3 
L coC 


Z = % = 9Z L =72-j36 
n 

4Z - 90° _ 4Z - 90° 

“ 48 + 72-j36 ~ 125.28Z -16.7° 


0.03193Z -73.3° 


We now have some choices, we can go ahead and calculate the current in the second loop and 
calculate the power delivered to the 8-ohm resistor directly or we can merely say that the power 
delivered to the equivalent resistor in the primary side must be the same as the power delivered 
to the 8-ohm resistor. Therefore, 


p 8í! - 



72 = 0.5098x10 -3 72 =36.71 mW 


The student is encouraged to calculate the current in the secondary and calculate the power 
delivered to the 8-ohm resistor to verify that the above is correct. 





Chapter 13, Solution 46. 

(a) Reflecting the secondary circuit to the primary, we have the circuit shown below. 



-16Z60 0 + Zinli - 5Z30° = 0 or li = (16Z60 0 + 5Z30°)/(13 + jl4) 
Hence, li = 1.072Z5.88 0 A, and I 2 = -0.5Ii = 0.536Z185.88 0 A 
(b) Switching a dot will not affect Z, n but will affect li and I 2 . 

Ii = (16Z60°-5Z30°)/(13+jl4) = 0.625 Z25 A 


and I 2 = 0.5Ii = 0.3125Z25 0 A 






Chapter 13, Solution 47. 


(1/3) F 1 F - >-^— = — - 

jcoC j 3x1/3 


-A 


Consider the circuit shown below. 



+ 

v(t) 


For mesh 1, 

3Ii-2I 3 +Vi=4 (1) 

For mesh 2, 

5I 2 - V 2 = 0 (2) 

For mesh 3, 

-211 (2—j)I 3 - Vi + V 2 =0 (3) 

At the terminais of the transformer, 

V 2 = nV\ = 4Vj (4) 

li —13 = 4(I 2 -1 3 ) (5) 

In matrix form, 


" 3 

0 

-2 

1 

0" 

V 


"4" 

0 

5 

0 

0 

-1 

I 2 


0 

-2 

0 

2-j 

-1 

1 

I 3 

= 

0 

0 

0 

0 

-4 

1 

V, 


0 

1 

-4 

3 

0 

0 

_ V 2 _ 


0 


Solving this using MATLAB yields 


»A = [3,0,-2,1,0; 0,5,0,0,-1; -2,0,(2-j),-l,l ;0,0,0,-4,1; 1,-4,3,0,0] 






























0 


3.0000 0 -2.0000 1.0000 

0 5.0000 0 0 -1.0000 

-2.0000 0 2.0000-l.OOOOi -1.0000 1.0000 

0 0 0 -4.0000 1.0000 

1.0000 -4.0000 3.0000 0 0 

»U = [4;0;0;0;0] 

»X = inv(A)*U 

X = 

1.2952+ 0.0196Í 
0.5287 + 0.0507Í 
0.2733+ 0.061 li 
0.6609 + 0.0634Í 
2.6437 + 0.2537Í 


V = 5I 2 = V 2 = 2.6437+j0.2537 = 2.656Z5.48 0 V, therefore, 


v(t) = 2.656cos(3t+5.48°) V 



Chapter 13, Solution 48. 


Using Fig. 13.113, design a problem to help other students to better understand how ideal 
transformers work. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find I x in the ideal transformer circuit of Fig. 13.112. 



Figure 13.112 

Solution 

We apply mesh analysis. 

8Q 2:1 10Q 



But 


100 = (8- y'4)7 1 - j4I 2 +V, 
0 = (10 + j'2)/ 2 - j4I l + V 2 

V ^ = n= 1 - — V 

V, 2 


(D 

( 2 ) 


( 3 ) 



























2 


(4) 




Substituting (3) and (4) into (1) and (2), we obtain 

100 = (-4 - j2)/ 2 + 2V 2 
0 = (10 + j4)I 2 +V 2 


(1) a 

(2) a 


Solving (l)a and (2)a leads to I 2 = -3.5503 +j 1.4793 

I =I 1 + I 2 = 0.5/ 2 = 1.923Z157.4" A 



Chapter 13, Solution 49. 



At node 1, 

1 -^-Yl = YizXl +Ii -> n = 2I 1 +V l (l+j0.2)-j0.2V 2 (1) 

2 - j 10 

At node 2, 

h + V ^r = \ -> 0 = 6 I 2 + ./0.6V, - (1 + j0.6)V 2 (2) 

-AO 6 

At the terminais of the transformer, V 2 = -3V l , I 2 = - — /, 

Substituting these in (1) and (2), 

12 = -6/ 2 +Vj(l + j'0.8), 0 = 6I 2 +V l (3 + j’2.4) 

Adding these gives V i=1.829 -j 1.463 and 

I , = Vl ~ Vl = - = 0.937Z51.34° 

-./'IO -jlO 


i x (t) = 937cos(2t+51.34°) mA. 




Chapter 13, Solution 50. 

The value of Zi n is not effected by the location of the dots since n is involved. 
Zin = (6 - jl0)/(n’) 2 , n’ = 1/4 
Zin = 16(6-jlO) = 96 — j 160 
Zjn = 8 + jl2 + (Zj n + 24)/n“, n = 5 
Z in = 8 + jl2 + (120 - jl60)/25 = 8 + jl2 + 4.8 - j6.4 

Z in = (12.8 + j5.6) O 



Chapter 13, Solution 51. 


Let Z 3 = 36 +jl 8 , where Z 3 is reflected to the middle circuit. 

Z R ’ = Z L /n 2 = (12 + j2)/4 = 3+j0.5 

Z in = 5 - j2 + Z R ’ = [8 — j 1.5] O 

i! = 24Z07Z eq = 24Z07(8 — j 1.5) = 24Z078.14Z-10.62 0 = 8.95Z10.62 0 A 
[8 — j 1.5] O, 8.95Z10.62 0 A 



Chapter 13, Solution 52. 

For maximum power transfer, 

40 = Z L /n 2 = 10/n 2 or n 2 = 10/40 which yields n = 1/2 = 0.5 
I = 120/(40 + 40) = 3/2 
p = I 2 R = (9/4)x40 = 90 watts. 



Chapter 13, Solution 53. 


(a) The Thevenin equivalent to the left of the transformer is shown below. 


80 



The reflected load impedance is Z L ’ = Z L /n 2 = 200/n 2 . 

For maximum power transfer, 8 = 200/n produces n = 5. 
(b) If n = 10, Z L ’ = 200/10 = 2 and I = 20/(8 + 2) = 2 
p = I 2 Z l ’ = (2) 2 (2) = 8 watts. 




Chapter 13, Solution 54. 


(a) 



For maximum power transfer, 


Zxh — Z L /n 2 , or n 2 — Zl/Ztii — 8/128 

n = 0.25 


(b) li = V T h/(ZTh + Z L /n 2 ) = 10/(128 + 128) = 39.06 mA 

(c) v 2 = I 2 Z L = 156.24x8 mV = 1.25 V 

But v 2 = nvj therefore vi = v 2 /n = 4(1.25) = 5 V 





Chapter 13, Solution 55. 


We first reflect the 60-Q resistance to the middle circuit. 

Z\ =20 + ^ = 26.67Q 
3 2 

We now reflect this to the primary side. 

Z. 26.67 



Chapter 13, Solution 56. 



Formeshl, 46 = 7Ii-5l2 + vi (1) 

For mesh 2, V 2 = 1512 - 5Ii (2) 

At the terminais of the transformer, 

V 2 = nvi = 2vi (3) 

h = nl 2 = 2I 2 (4) 

Substituting (3) and (4) into (1) and (2), 

46 = 9I 2 + v i (5) 

vi = 2.5I 2 (6) 


46 = 11.5I 2 or I 2 = 4 

Pio = 0.5ll2l 2 (10) = 80 watts. 


Combining (5) and (6), 




Chapter 13, Solution 57. 

(a) Z L = j3ll(12 - j6) = j3(12 - j6)/(12 - j3) = (12+j54)/17 

Reflecting this to the primary side gives 

Z in = 2 + Z L /n 2 = 2 + (3 + jl3.5)/17 = 2.3168Z20.04 0 

I, = v s /Z in = 60Z9072.3168Z20.04 0 = 25.9Z69.96 0 A(rms) 

h = Ii/n = 12.95Z69.96 0 A(rms) 

(b) 60Z90 0 = 21 1 +vi or v, = j60-2Ii = j60-51.8Z69.96 0 

v, = 21.06Z147.44 0 V(rms) 

v 2 = nvj = 42.12Z147.44 0 V(rms) 

v 0 = v 2 = 42.12Z147.44 0 V(rms) 

(c) S = v s Ii* = (60Z90°)(25.9Z-69.96°) = 1.554Z20.04 0 kVA 



Chapter 13, Solution 58. 


Consider the circuit below. 


20 Q 



For meshl, -80 + 201 1 - 2 OI 3 + Vi = 0 or 

201 1 - 2 OI 3 +Vi =80 ( 1 ) 

For mesh 2, V 2 = 1001 2 or IOOI 2 - V 2 = 0 

( 2 ) 

For mesh 3, 4 OI 3 - 201 1 + V 2 - Vi =0 which leads to 

-20Ii+ 4 OI 3 -V 1 +V 2 = 0 (3) 

At the transformer terminais, V 2 = -nVi = -5Vior5Vi+V2 (4) 

li -I 3 = -n(I 2 - I 3 ) = -5(I 2 -1 3 ) or 

li + 5I 2 - 6 I 3 = 0 (5) 


Solving using MATLAB, 

»A = [ 20 0 -20 1 0 ;0 100 0 0 -l;-20 0 40 -1 1; 0 0 0 5 1; 1 5 -6 0 
0] 

A = 

20 0 -20 1 0 

0 100 0 0 -1 

-20 0 40 -1 1 

0 0 0 5 1 

15-600 




» B = [ 80 0 0 0 0 ]' 


B = 

80 

0 

0 

0 

0 

» Y = inv(A)*B 

Y = 

5.9355 

0.5161 

1.4194 

-10.3226 

51.6129 

P20,l = 0.5*( II -13 ) A 2*20 = 0.5*( 5.9355- 1.4194) A 2*20 = 203.95 
p 20 (the one between 1 and 3) = 0.5(20)(Ii - I 3 ) 2 = 10(5.9355-1.4194) 2 

= 203.95 watts 

P2o(at the top of the circuit) = 0.5(20)l3 2 = 20.15 watts 
pioo = 0.5(100)l2 2 = 13.318 watts 



Chapter 13, Solution 59. 

We apply mesh analysis to the circuit as shown below. 


10 O 



For mesh 1, 

-40 + 22Ii - 12I 2 + Vi = 0 

(1) 

For mesh 2, 

—12Ii + 32I 2 - V 2 = 0 

(2) 

At the transformer terminais, 

-4Vi + v 2 = o 

(3) 

Ii-4I 2 = 0 

(4) 


Putting (1), (2), (3), and (4) in matrix form, we obtain 


' 22 

-12 

1 

0 " 


"40" 

-12 

32 

0 

-1 

1 = 

0 

0 

0 

-4 

1 


0 

1 

-4 

0 

0 


0 


» A=[22,-12,1,0;-12,32,0,-1 ;0,0,-4,1; 1,-4,0,0] 
A = 

22 -12 1 0 

-12 32 0 -1 

0 0-41 

1-400 


20 Q 























» U=[40;0;0;0] 

U = 

40 

0 

0 

0 

» X=inv(A)*U 
X = 

2.2222 

0.5556 

- 2.2222 

-8.8889 

For 10-Q resistor, 

Pio = [(2.222) 2 /2]10 = 24.69 W 

For 12-Q resistor, 

P i2 = [(2.222—0.5556) 2 /2] 12 = 16.661 W 

For 20-Q resistor, 

P 20 = [(0.5556) 2 /2]20 = 3.087 W. 


24.69 W, 16.661 W, 3.087 W 



Chapter 13, Solution 60. 

(a) Transferring the 40-ohm load to the middle circuit, 

Zl’ = 40/(n’) 2 = 10 ohms where n’ = 2 
1011(5 + 10) = 6 ohms 
We transfer this to the primary side. 

Zin = 4 + 6/n 2 = 4 + 0.375 = 4.375 ohms, where n = 4 
li = 120/4.375 = 27.43 A and I 2 = h/n = 6.857 A 


120Z0° 




Using current division, I 2 ’ = (10/25)I 2 = 2.7429 and 

I 3 = I 2 Vn’ =1.3714 A 


< 10 Q 


(b) 


p = 0.5(I 3 ) 2 (40) = 37.62 watts 




Chapter 13, Solution 61. 



14 + 601190 = 14 + 36 = 50 ohms 


We reflect this to the primary side. 

Z R ’ = Z L 7(n’) 2 = 50/5 2 = 2 ohms when n’ = 5 

11 = 24/(2+ 2) = 6A 

24 = 21! + vi or vi = 24 - 2I X = 12 V 

v 0 = -nvi = -60 V, I 0 = -I i /ni = -6/5 = -1.2 

I 0 ‘ = [60/(60 + 90)]I o = -0.48A 

1 2 = -I 0 ’/n = 0.48/(4/3) = 360 mA 




Chapter 13, Solution 62. 

(a) Reflect the load to the middle circuit. 

Z L ’ = 8 - j20 + (18 + j45)/3 2 = 10 - jl5 

We now reflect this to the primary circuit so that 

Z in = 6 + j4 + (10-jl5)/n 2 = 7.6 + jl.6 = 7.767Z11.89 0 , where n 
2.5 

li = 40/Zin = 40/7.767Z 11.89° = 5.15Z-11.89 0 

S = v s Ii* = (40Z0°)(5.15Z11.89°) = 206Z11.89 0 VA 

(b) I 2 = —I i/n, n = 2.5 

I 3 = -I 2 /n\ n = 3 

I 3 = Ii/(nn’) = 5.15Z-11.897(2.5x3) = 0.6867Z-11.89 0 


p = |I 2 I 2 (18) = 18(0.6867) 2 = 8.488 watts 



Chapter 13, Solution 63. 

Reflecting the (9 + jl8)-ohm load to the middle circuit gives, 

Zj n ’ = 7 -j6 + (9 + jl8)/(n’) 2 = 7-j6+l+j2 = 8-j4 when 
Reflecting this to the primary side, 

Z in = 1+Z m 7n 2 = 1 + 2-j = 3-j, where n = 2 
li = 12Z07(3-j) = 12/3.162Z-18.43 0 = 3.795Z18.43A 
h = Ii/n = 1.8975Z18.43 0 A 
I 3 = -I 2 /n 2 = 632.5Z161.57 0 mA 



Chapter 13, Solution 64. 

The Thevenin equivalent to the left of the transformer is shown below. 


8kQ 



The reflected load impedance is 
_ Z L _ 30k 

^ T -i o 


For maximum power transfer, 
30kCl 


SkQ = - 


n 2 =30/8 = 3.75 


n =1.9365 



At node 1, 


200 -y, _ y,-y 4 , 

10 40 1 


200 = 1.25Vj -0.25y 4 +10/, 


At node 2, 

~ V4 =—+i 3 —> y, = 3V 4 + 40/, 

40 20 3 14 3 

At the terminais of the first transformer, 

— = -2 —> y 2 = - 2 y, 

y, 

Í = -l/2 -> /, =-2/, 

For the middle loop, 

-y 2 +50/ 2 +y 3 =0 —> y 3 =y 2 -50/ 2 

At the terminais of the second transformer, 





1/3 


(7) 


-> 7 2 = -3/ 3 


We have seven equations and seven unknowns. Combining (1) and (2) leads to 


200 = 3.5V 4 +10/! +50/ 3 


But from (4) and (7), = -21 2 = -2(-3/ 3 ) = 6/ 3 . Hence 


200 = 3.5V 4 +110/ 3 


( 8 ) 


From (5), (6), (3), and (7), 


V 4 = 3(V 2 - 50/ 2 ) = 3V 2 - 150 1 2 = -6V, + 450/ 3 


Substituting for V i in (2) gives 


V 4 =-6(3V 4 +40/ 3 ) + 450/ 3 -> (9) 


Substituting (9) into (8) yields 


200 = 13.452V, -> V 4 = 14.87 


V 1 

P = — 1 = 11.05 W 
20 - 



Chapter 13, Solution 66. 

Design a problem to help other students to better understand how the ideal autotransformer 
works. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

An ideal autotransformer with a 1:4 step-up turns ratio has its secondary connected to a 
120-Q load and the primary to a 420-V source. Determine the primary current. 

Solution 



Vi 

= 

420 V 

(1) 


v 2 

= 

1201 2 

(2) 

Vi/v 2 

= 1/4 

orv2 = 4vi 

(3) 

Il/I 2 : 

= 4 

or 

li = 4 I 2 

(4) 

Combining (2) and (4), 





v 2 = 120[(l/4)Ij] = 

30 

li 




4v, = 301 1 


4(420) = 1680 = 301 1 or I, = 56 A 



Chapter 13, Solution 67. 


V N + N 1 

(a) ^ -2- = — - > V, = OAV. = 0.4x400 = 160 V 

V 2 N 2 0.4 2 1 - 

(b) S 2 = / 2 y 2 = 5,000 -» /, = = 31.25 A 

160 

(c) S 2 =S. =I.V. =5,000 - > 7 5000 = A 

2111 1 400 - 



Chapter 13, Solution 68. 



For the primary Circuit, 20Z30 0 = (2-j6)Ii+Vi (1) 

For the secondary Circuit, v 2 = (10+j40)l2 (2) 

At the autotransformer terminais, 

vi/v 2 = Ni/(Ni +N 2 ) = 200/280 = 5/7, 



thus y 2 = 7vi/5 

(3) 

Also, 

I 1 /I 2 = 7/5 or I 2 = 5Ii/7 

(4) 


Substituting (3) and (4) into (2), vi = (10 + j40)25Ii/49 
Substituting that into (1) gives 20Z30 0 = (7.102 +jl4.408)Ii 
h = 20Z30716.063Z63.76 0 = 1.245Z-33.76 0 A 


I 2 = 5Ii/7 = 889.3Z-33.76 0 mA 


I 0 = Ii-I 2 = [(5/7) - l]Ii = -2177 = 355.7Z146.2 0 mA 
p = |I 2 | 2 R = (0.8893) 2 (10) = 7.51 watts 





Chapter 13, Solution 69. 

We can find the Thevenin equivalent. 



As a step up transformer, vi/v 2 = Ni/(Ni + N 2 ) = 600/800 = 3/4 

v 2 = 4vi/3 = 4(120)/3 = 160Z0°rms = V T h. 

To find Z-|h, connect a 1-V source at the secondary terminais. We now have 
step-down transformer. 



But vi/v 2 = (Ni+N 2 )/Ni = 800/200 which leads to vi = 4v 2 

and v 2 = 0.25 


Ii/I 2 = 200/800 = 1/4 which leads to I 2 = 4Ij 





Hence 


0.25 = 41 1 (75 + j 125) or li = 1/[16(75 + jl25) 


Z Th = l/Ii = 16(75+j 125) 

Therefore, Z L = Z Th = (1.2-j2)kQ 

Since V Th is rms, p = (IV T hl/2) 2 /RL = (80) 2 /1200 = 5.333 watts 



Chapter 13, Solution 70. 


This is a step-down transformer. 


120Z0 0 



Ií/I 2 = N 2 /(Nj +N 2 ) = 200/1200 = 1/6, or li = I 2 /6 (1) 

vj/vt = (N 2 +N 2 )/N 2 = 6, or vi = 6v 2 (2) 

For the primary loop, 120 = (30 + j 12)1 1 + Vi (3) 

For the secondary loop, v 2 = (20-j40)I 2 (4) 

Substituting (1) and (2) into (3), 

120 = (30 + jl2)( I 2 /6) + 6v 2 
and substituting (4) into this yields 


120 = (49 - j38)I 2 or I 2 = 1.935Z37.79 0 
p = II 2 I 2 (20) = 74.9 watts. 






Chapter 13, Solution 71. 


Z in = Vl/Il 


But Vili = V 2 I 2 , or V 2 = I 2 Zl and Ij/I 2 = N 2 /(Ni + N 2 ) 

Hence Vi = V 2 I 2 /Ii = Z L (I 2 /Ii)I 2 = Z l (I 2 /Ii) 2 Ii 

V 1 /I 1 = Z l [(N, +N 2 )/N 2 ] 2 

Z in = [1 + (Ni/N 2 )] 2 Z l 



Chapter 13, Solution 72. 

(a) Consider just one phase at a time. 




n = V L /V3V Lp =7200/(12470V3) = 1/3 

(b) The load carried by each transformer is 60/3 = 20 MVA. 

Hence I Lp = 20 MVA/12.47 k = 1604 A 

I Ls = 20 MV A/7.2 k = 2778 A 

(c) The current in incoming line a, b, c is 

V3I Lp = V3xl603.85 = 2778 A 

Current in each outgoing line A, B. C is 

2778/(nV3) = 4812 A 





Chapter 13, Solution 73. 

(a) This is a three-phase A-Y transformer. 

(b) VLs = nv Lp /V3 = 450/(3 V3) = 86.6 V, where n = 1/3 
As a Y-Y system, we can use per phase equivalent circuit. 
I a = V an /Z Y = 86.6Z07(8-j6) = 8.66Z36.87 0 

I c = I a Z120° = 8.66Z156.87 0 A 
Il p = n V3 Ils 

11 = (1/3)V3(8.66Z36.87°) = 5Z36.87 0 

1 2 = IjZ-120 0 = 5Z-83.13°A 

(c) p = 3II a l 2 (8) = 3(8.66) 2 (8) = 1.8 kw. 



Chapter 13, Solution 74. 


(a) This is a À-A connection. 

(b) The easy way is to consider just one phase. 

l:n = 4:1 or n = 1/4 

n = V 2 /Vi which leads to V 2 = nVi = 0.25(2400) = 600 
i.e. V Lp = 2400 V and V Ls = 600 V 


S = p/cosO = 120/0.8 kVA = 150 kVA 



Fut PLs — V pslps 

For the A-load, I L = Vãl p andV L = V p 

Hence, I ps = 40,000/600 = 66.67 A 

I Ls = V3 Ip S = V3x66.67 = 115.48 A 

(c) Similarly, for the primary side 

Ppp = Vppl p p = p ps or Ip P = 40,000/2400 = 16.667 A 
and I Lp = V3Ip = 28.87 A 

(d) Since S = 150 kVA therefore S p = S/3 = 50 kVA 



Chapter 13, Solution 75. 

(a) n = V Ls /( V3 V Lp ) = 900/(4500 V3) = 0.11547 

(b) S = Vãv L slLs or I Ls = 120,000/(900 Vã) = 76.98 
Ils = V(nVã) = 76.98/(2.887 Vã) = 15.395 A 



Chapter 13, Solution 76. 

Using Fig. 13.138, design a problem to help other students to better understand a wye-delta, 
three-phase transformer and how they work. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

A Y-A three-phase transformer is connected to a 60-kVA load with 0.85 power factor 
(leading) through a feeder whose impedance is 0.05 + jO.lQ per phase, as shown in Fig. 
13.137 below. Find the magnitude of: 

(a) the line current at the load, 

(b) the line voltage at the secondary side of the transformer, 

(c) the line current at the primary side of the transformer. 




Figure 13.137 

Solution 

(a) At the load, V L = 240 V = V AB 

V an = V l /V3 = 138.56 V 


Since S = V3V l I l then I L = 60,000/(240 V3) = 144.34 A 






















LetV AN = IVanIZO 0 = 138.56Z0 0 
cos0 = pf = 0.85 or 9 = 31.79° 
Iaa- = I L Z0 = 144.34Z31.79 0 


Va’n’ - ZIaa’ + Van 

= 138.56Z0 0 + (0.05 + j0.1)(144.34Z31.79°) 
= 138.03Z6.69 0 

V Ls = V A ’n’ V3 = 138.03 S = 239.1 V 
For Y-Á connections, 

n = V3V Ls /V ps = a/ 3 x238.7/2640 = 0.1569 
f L d = nI. s /V3 = 0.1569x144.34/73 = 13.05 A 









Chapter 13, Solution 77. 


(a) This is a single phase transformer. Vi = 13.2 kV, V 2 = 120 V 

n = Va/V! = 120/13,200 = 1/110, therefore n = 1/110 
or 110 turns on the primary to every tum on the secondary. 

(b) P = VI or I = P/V = 100/120 = 0.8333 A 

li = nl 2 = 0.8333/110 = 7.576 mA 



Chapter 13, Solution 78. 


We convert the reactances to their inductive values. 

X =ú)L -» L = — 

co 

The schematic is as shown below. 


AC = y es COUPLING = 0.5 

MAG = y es 

PH ASE = yes L1_VALUE = 80H 


L2_VALUE = 60 H 

AC = y es 

SPRINT IPRINT MAG = y es 



R2 

50 


FREQ IM(V_PRINT 1 )IP(V_PRINT 1) 

1.592E-01 E347E+00 -8.489E+01 
FREQ IM(V_PRINT2)IP(V_PRINT2) 

E592E-01 6.588E-01 -7.769E+01 
Thus, 

li = 1.347Z-84.89° amps and I 2 = 658.8Z-77.69 0 mA 



















Chapter 13, Solution 79. 


The schematic is shown below. 

ki = 15 /a/ 5000 = 0.2121, k 2 = 10 /a/8000 = 0.1118 

In the AC Sweep box, we type Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. 
After the circuit is saved and simulated, the output includes 


FREQ 

IM(Y_PRINT1) 

IP(V_PRINT1) 

1.592 E-01 

4.068 E-01 

-7.786 E+01 

FREQ 

IM(Y_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

1.306 E+00 

-6.801 E+01 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.592 E-01 

1.336 E+00 

-5.492 E+01 


Thus, li = 1.306Z-68.01 0 A, I 2 = 406.8Z-77.86 0 mA, I 3 = 1.336Z-54.92 0 A 


IPRINT 



[K] Kl 
KJJnear 

COUPLING=0.2121 
LI =L1 
L2=L2 


[Kl K2 
K_Linear 

COUPLING=0.1118 
LI =L1 
L2=L3 




Chapter 13, Solution 80. 


The schematic is shown below. 

ki = 10/V40x80 = 0.1768, k 2 = 20/^40x60 = 0.4082 
k 3 = 30/V80x60 = 0.433 

In the AC Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 
0.1592. After the simulation, we obtain the output file which includes 

FREQ IM(V_PRINT1) IP(V_PRINT1) 

1.592 E-01 1.304 E+00 6.292 E+01 





Chapter 13, Solution 81. 


The schematic is shown below. 

ki = 2/V4x8 = 0.3535, k 2 = 1/V2x8 = 0.25 

In the AC Sweep box, we let Total Pts = 1, Start Freq = 100, and End Freq = 100. 
After simulation, the output file includes 


FREQ 

IM(V_PRINT1) 

IP(V_PRINT1) 

1.000 E+02 

1.0448 E-01 

1.396 E+01 

FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.000 E+02 

2.954 E-02 

-1.438 E+02 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.000 E+02 

2.088 E-01 

2.440 E+01 

i.e. Ii = 

104.5Z13.96 0 mA, I 2 

= 29.54Z-143.1 


I 3 = 208.8Z24.4 0 mA. 





Chapter 13, Solution 82. 


The schematic is shown below. In the AC Sweep box, we type Total Pts = 1, 
Start Freq = 0.1592, and End Freq = 0.1592. After simulation, we obtain the output 
file which includes 


FREQ 

IM(V_PRINT1) 

IP(V_PRINT1) 

1.592 E-01 

1.955 E+01 

8.332 E+01 

FREQ 

IM(V_PRINT2) 

IP(Y_PRINT2) 

1.592 E-01 

6.847 E+01 

4.640 E+01 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.592 E-01 

4.434 E-01 

-9.260 E+01 

i.e. V i 

= 19.55Z83.32 0 

Y, V 2 = 68.47Z46.4 0 V, 


Io = 443.4Z-92.6 0 mA. 

These answers are incorrect, we need to adjust the 
magnitude of the inductances. 


R2 L1 IPRINT 



ACMAG=30V 

ACPHASE=0 
























Chapter 13, Solution 83. 


The schematic is shown below. In the AC Sweep box, we set Total Pts = l,StartFreq = 
0.1592, and End Freq = 0.1592. After simulation, the output file includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 

1.592 E-01 1.080 E+00 3.391 E+01 


FREQ VM($N_0001) VP($N_0001) 

1.592 E-01 1.514 E+01 -3.421 E+01 


i.e. i x = 1.08Z33.91 0 A, V x = 15.14Z-34.2F V. 

This is most likely incorrect and needs to have the values of 

turns changed. 



Checking with hand calculations. 

Loopl. - 6 +IR+Vi =0orli +Vi =6 (1) 

Loop 2. -V 2 — j IOI 2 + 8 (I 2 — 13 ) = 0 or ( 8 —j 10)I 2 - 8 I 3 - V 2 = 0 (2) 

Loop 3. 8 (I 3 -I 2 ) + 6 I 3 +2V X +V 3 = 0 or - 8 I 2 + 14I 3 + V 3 + 2V X = 0 but 

V x = 8 (I 2 -I 3 ), therefore we get 8 I 2 - 2I 3 + V 3 = 0 (3) 

Loop 4. -V 4 + (4+j2)I 4 = 0 or (4+j2)I 4 - V 4 = 0 (4) 


We also need the constraint equations, V 2 = 2Vi, li = 2I 2 , V 3 = 2V 4 , and I 4 = 2I 3 . Finally, 
I x = I 2 and V x = 8 (I 2 - 1 3 ). 




























We can eliminate the voltages from the equations (we only need I 2 and I 3 to obtain the required 
answers) by, 


(1)40.5(2) = li 4 - (4-j5)I 2 - 4I 3 = 6 and 
0.5(3) + (4) = 41 2 -1 3 + (4+j2)I 4 = 0. 

Next we use li = 2I 2 and I 4 = 2I 3 to end up with the following equations, 

(6-j5)I 2 - 4I 3 = 6 and 4I 2 + (7+j4)I 3 = 0 or I 2 = -[(7+j4)I 3 ]/4 = (—1.75-j)I 3 

= (2.01556z-150.255°)I 3 


This leads to (6-j5)(-l.75-j)I 3 - 4I 3 = (-10.5-5-4+j(8.75-6))I 3 = (-19.5+j2.75)I 3 = 6 or 

I 3 = 6/(19.69296Z171.973°) = 0.304677z-171.973° amps 
= -0.301692-j0.042545. 
h = (-1.75-j)(0.304677z-171.973°) 

= (2.01556z-150.255°)(0.304677z-171.973°) 

= 614.096z37.772° mA = 0.48541+j0.37615 


and I 2 - I 3 = 0.7871+j0.4187 = 0.89154z28.01°. 


Therefore, 



V x = 8(0.854876z22.97°) = 7.132z28.01° V 


I x = I 2 = 614.1z37.77° mA. 


Checking with MATLAB we get A and X from equations (1) - (4) and the four constraint 
equations. 

» A = [1 0 0 0 1 0 0 0;0 (8-10j) -8 0 0 -1 0 0;0 8 -2 0 0 0 1 0;0 0 0 (4+2j) 0 0 0 -1;0 0 0 0 -2 1 0 
0;1 -2 0 0 0 0 0 0;0 0 0 0 0 0 1 - 2;0 0-2 1 0000 ] 

A = 

1.0000 0 0 0 1.0000 0 0 

0 

0 8 . 0000 - 10 . 0000 Í - 8.0000 0 0 - 1.0000 0 


0 







0 

0 

8.0000 

-2.0000 

0 

0 

0 

1.0000 

0 

1.0000 

0 

0 

4.0000 + 2.0000Í 

0 

0 

0 

0 

0 

0 

0 

0 -2.0000 


1.0000 

0 

1.0000 

0 

-2.0000 

0 

0 

0 

0 

0 

0 

2.0000 

0 

0 

0 0 


0 

1.0000 

0 

0 

0 

-2.0000 

1.0000 

0 

0 

0 


» X = [6;0;0;0;0;0;0;0] 

x = 

6 

0 

0 

0 



0 

0 

0 

0 

» Y = inv(A)*X 
Y = 


0.9708 + 0.7523Í = li = 1.2817z37.773° amps 


0.4854 + 0.3761Í = I 2 = 614.056z37.769° mA = I x 


-0.3017 - 0.0425Í = I 3 = 0.30468z-171.982° amps 


-0.6034 -0.085 li = I 4 
5.0292-0.7523i = Vi 
10.0583 - 1.5046Í = V 2 
.4.4867 - 3.0943Í = V 3 
-2.2434- 1.547 li = V 4 


I x = 614.1z37.77° mA 


Finally, V x = 8(I 2 -1 3 ) = 8(0.787l+j0.4186) = 8(0.891489z28.01°) 


= 7.132z28.01° volts 




Chapter 13, Solution 84. 


The schematic is shown below. we set Total Pts = l,StartFreq = 0.1592, and End 
Freq = 0.1592. After simulation, the output file includes 


FREQ 

IM(Y_PRINT1) 

IP(V_PRINT1) 

1.592 E-01 

4.028 E+00 

-5.238 E+01 

FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

2.019 E+00 

-5.211 E+01 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.592 E-01 

1.338 E+00 

-5.220 E+01 


i.e. Ii = 4.028Z-52.38 0 A, I 2 = 2.019Z-52.11 0 A, 
I 3 = 1.338Z-52.2 0 A. 

Dot convention is wrong. 


LI TURNS-100000 

IPRINT In tmrNS=2D0000 IPRINT 































Chapter 13, Solution 85. 


Zi 



Z L /n 2 


For maximum power transfer, 

Zi = Z L /n 2 or n 2 = Z L /Zi = 8/7200 = 1/900 
n = 1/30 = N 2 /Ni. Thus N 2 = Ni/30 = 3000/30 = 100 turns. 




Chapter 13, Solution 86. 


n = N 2 /Ni = 48/2400 = 1/50 
Z Th = Z L /n 2 = 3/(l/50) 2 = 7.5 kQ 



Chapter 13, Solution 87. 


Z Th = Z L /n 2 or n = J Z L /Z Th = ^75/300 = 0.5 



Chapter 13, Solution 88. 

n = V 2 /Vi = Ii/I 2 or I 2 = Ii/n = 2.5/0.1 = 25 A 
p = IV = 25x12.6 = 315 watts 



Chapter 13, Solution 89. 

n = V 2 /Vi = 120/240 = 0.5 
S = IiVi orl] = S/Vi = 10 x10 3 /240 = 41.67 A 
S = I 2 V 2 or I 2 = S/V 2 = 10 4 /120 = 83.33 A 



Chapter 13, Solution 90. 

(a) n = V 2 /Vi = 240/2400 = 0.1 

(b) n = N 2 /Ni or N 2 = nNi = 0.1(250) = 25 turns 

(c) S = I 1 V 1 orli = S/Vi = 4 x10 3 /2400 = 1.6667 A 

S = I 2 V 2 or I 2 = S/V 2 = 4 x10 4 /240 = 16.667 A 



Chapter 13, Solution 91. 

(a) The kVA rating is S = VI = 25,000x75 = 1.875 MV A 

(b) SinceSi = S 2 = V 2 I 2 and I 2 = 1875xl0 3 /240 = 7.812 kA 



Chapter 13, Solution 92. 

(a) V 2 /Vi =N 2 /Ni = n, V 2 = (N 2 /Ni)Vi = (28/1200)4800 = 112 

(b) I 2 = V 2 /R = 112/10 = 11.2 A and li = nl 2 , n = 28/1200 
li = (28/1200)11.2 = 261.3 mA 

(c) p = II 2 I 2 R = (11.2) 2 (10) = 1254 watts. 



Chapter 13, Solution 93. 


(a) For an input of 110 V, the primary winding must be connected in parallel, with 
series aiding on the secondary. The coils must be series opposing to give 14 V. Thus, 
the connections are shown below. 




(b) To get 220 V on the primary side, the coils are connected in series, with series 
aiding on the secondary side. The coils must be connected series aiding to give 50 V. 
Thus, the connections are shown below. 








Chapter 13, Solution 94. 

V 2 /V 1 = 110/440 = 1/4 = Ii/Io 

There are four ways of hooking up the transformer as an auto-transformer. However it 
clear that there are only two outcomes. 



(1) and (2) produce the same results and (3) and (4) also produce the same results. 
Therefore, we will only consider Figure (1) and (3). 

(a) For Figure (3), Vi/V 2 = 550/V 2 = (440- 110)/440 = 330/440 

Thus, V 2 = 550x440/330 = 733.4 V (not the desired result) 

(b) For Figure (1), Vi/V 2 = 550/V 2 = (440 + 110)/440 = 550/440 

Thus, V 2 = 550x440/550 = 440 V (the desired result) 











Chapter 13, Solution 95. 


(a) n = V s /V p = 120/7200 = 1/60 

(b) I s = 10x120/144 = 1200/144 

s = Vplp = V S I S 

Ip = V s I s /Vp = (l/60)x 1200/144 = 139 mA 



*Chapter 13, Solution 96. 


Problem, 

Some modern power transmission systems now have major, high voltage DC 
transmission segments. There are a lot of good reasons for doing this but we will not go 
into them here. To go from the AC to DC, power electronics are used. We start with 
three-phase AC and then rectify it (using a full-wave rectifier). It was found that using a 
delta to wye and delta combination connected secondary would give us a much smaller 
ripple after the full-wave rectifier. How is this accomplished? Remember that these are 
real devices and are wound on common cores. Hint, using Figures 13.47 and 13.49, and 
the fact that each coil of the wye connected secondary and each coil of the delta 
connected secondary are wound around the same core of each coil of the delta connected 
primary so the voltage of each of the corresponding coils are in phase. When the output 
leads of both secondaries are connected through full-wave rectifiers with the same load, 
you will see that the ripple is now greatly reduced. Please consult the instructor for more 
help if necessary. 

Solution, 

This is a most interesting and very practical problem. The solution is actually quite easy, 
you are creating a second set of sine waves to send through the full-wave rectifier, 30° 
out of phase with the first set. We will look at this graphically in a minute. We begin by 
showing the transformer components. 

The key to making this work is to wind the secondary coils with each phase of the 
primary. Thus, a-b is wound around the same core as Ai-Ni and A 2 -B 2 . The next thing 
we need to do is to make sure the voltages come out equal. We need to work the number 
of tums of each secondary so that the peak of V A i- V B i is equal to V A2 -V B 2 - Now, let 
us look at some of the equations involved. 


If we let v a b(t) = 100sin(t) V, assume that we have an ideal transformer, and the turns 
ratios are such that we get v A i-Ni(t) = 57.74sin(t) V and V A 2 -B 2 (t) = 100sin(t) V. Next, let 
us look at Vbc(t) = 100sin(t+120°) V. This leads to Vbi Ni(t) = 57.74sin(t+120°) V. We 
now need to determine V A i_ B i(t). 

VAi-Bi(t) = 57.74sin(t) - 57.74sin(t+120°) = 100sin(t-30°) V. 

This then leads to the output per phase voltage being equal to v out (t) = [100sin(t) + 
100sin(t-30°)] V. We can do this for each phase and end up with the output being sent to 
the full-wave rectifier. This looks like v out (t) = [I100sin(t)l + I100sin(t-30°)l + 
lsin(t+120°)l I100sin(t+90°)l + 1100sin(t—120°)l + I100sin(t-150°)l] V. The endresult will 
be more obvious if we look at plots of the rectified output. 



Ai 




A 2 



In the plot below we see the normalized (1 corresponds to 100 volts) ripple with only one 
of the secondary sets of windings and then the plot with both. Clearly the ripple is 
greatly reduced! 
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Chapter 14, Solution 1. 



1 

RC 


H = H(co) 



(j) = ZH(co) = — - tan 1 



This is a highpass filter. The frequency response is the same as that for P.P.14.1 except that 
co 0 = 1/RC . Thus, the sketches of H and (j) are shown below. 










Chapter 14, Solution 2. 


Using Fig. 14.69, design a problem to help other students to better understand how to 
determine transfer functions. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Obtain the transfer function V 0 /Vi of the circuit in Fig. 14.66. 


10 Q 



Figure 14.66 For Prob. 14.2. 


Solution 


2 + ■ 


H(s) = 


s/8 


V; 


10 + 20 + 


s/8 


2 + 8/s 1 s + 4 

12 + 8/s ~~ 6 s+ 0.6667 



Chapter 14, Solution 3. 


0.2 F 
O.LF 


1 1 5 

- — - — — 

jeoC 5(0.2) 5 

1 _10 
> 5(0.1) _ 5 


The circuit becomes that shown below. 


5 



Let Z=—//( 5 + -) = -£ 

5 5 


10 /C 5. 10 C/ 1 + 5. 

- (5+ 2:T 5( —> 10C. + 1) 


5 + 


- -(3+í) i(i + 3) 

5 5 


v,=—v, 


V, = 


Z + 2 ' 

—-—v; =— v; =—•—?— v t 

5 + 5/s 5 + 1 5 + 1 Z + 2 




10(5 + 1) 
5(5 + 3) 


105 


5 + 1 2 | 10(5 + 1) 25(5+ 3)+ 10(5 + 1) 

5(5 + 3) 


5 5 

s~ + 85 + 5 


H(s) = 5s/(s 2 +8s+5) 



Chapter 14, Solution 4. 


jcoC 1 + jcoRC 


H(co) = 


1 + j coRC 

JroL+ I7^ 


R + jcoL (1 + jcoRC) 


H(co) = —7 


- © RLC + R + jcoL 


(b) H(co) = 


R + jcoL 


jcoC(R + jcoL) 


R + jcoL + l/jcoC 1 +jcoC(R + jcoL) 


H(co) = 


-co 2 LC +jcoRC 
1 - co 2 LC + jcoRC 



Chapter 14, Solution 5 


(a) Let Z = R//sL = 


R + sL 


V = - V 

0 Z + R 5 


V. Z + R, 


sRL 

R + sL _ sRL 
fí | sRL RR s +s(R + R s )L 
s R + sL 


1 Rx - R 

(b) Let Z = RH — =-^Ç- =- 

sC R + J_ 1 + sRC 

sC 

7 

V = - V 

° Z + sL s 


H(s) = = ——— = 1 + sR p C =--^- 

v i Z + sL ,, L | R s 2 LRC + sL + R 

1 + sRC 



Chapter 14, Solution 6. 

The 2 H inductors become jce>2 or 2s. 

Let Z = 2s||2 = [(2s)(2)/(2s+2)] = 2s/(s+l) 

We convert the current source to a voltage source as shown below. 

2 2S 



Vo = [(Z)/(Z+2s+2)](2I s ) = 


2s 

-*I3EI-(2/.) i 

-m- 


2 3 


3 * + 


or 


H(s) = I 0 /I s = [2s/(s 2 +3s+1)]. 














Chapter 14, Solution 7. 


(a) 0.05 = 201og 10 H 
2.5 x 10 3 = logjQ H 

H = I0 25x10 ' 3 = 1.005773 

(b) - 6.2 = 201og 10 H 
-0.31 = log 10 H 

H = 10 o31 = 0.4898 

(c) 104.7 = 20 log 10 H 
5.235 = log 10 H 

H = 10 5 235 = 1.718 x 10 5 



Chapter 14, Solution 8. 


Design a problem to help other students to better calculate the magnitude in dB and phase in 
degrees of a variety of transfer functions at a single value of co. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Determine the magnitude (in dB) and the phase (in degrees) of H(<u) at a>= 1 if H(<u) 
equals 


(a) 0.05 

(b) 125 

(c) l0Ja> 

(d) 


2 + jú) 
3 


- + - 


1 + jco 2 + jco 


Solution 


(a) 

H = 

0.05 





H dB 

= 201og 10 

0.05 = -26.02, 

9 = 

0 o 

(b) 

H = 

125 





H dB 

= 201og 10 

125 = 41.94, 

9 = 

0 o 

(c) 

H(l) 

jio 

4.472Z63.43 0 



2 +j 





H dB 

= 201og 10 

4.472= 13.01, 

9 = 

63.43° 

(d) 

H(l) 

3 

=-+ 

6 =3.9 j'2.7 = 

4.743Z 

-34.7° 

1 + j 

2 + j 




HdB 

= 20 log 10 4.743= 13.521, 

9 = 

-34.7° 




Chapter 14, Solution 10. 


Design a problem to help other students to better understand how to detennine the Bode 
magnitude and phase plots of a given transfer function in terms of jco. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Sketch the Bode magnitude and phase plots of: 


ja>(5 + ja>) 


Solution 









Chapter 14, Solution 11. 


OMOO+W10) 

2[,M>(1+W2)J 

H dB = 201og 10 1 + 201og 10 | 1 + jco/10 1 - 201og 10 | jco \ - 201og 10 | 1 + j'«/2 

(j) = -90° + tan 1 co/10 - tan 1 co/2 

The magnitude and phase plots are shown below. 




- 90 ° 




Chapter 14, Solution 12. 


T(co) = *M±M 

J<Z>(1 + /&>/! 0) 

To sketch this we need201ogio |T(co)| = 201ogio |10| + 201ogio |l+jco| - 201ogio [jw 
201ogio 11 +jco/101 and the phase is equal to tan '(co) - 90° - tan _1 ( 0 /lO). 

The plots are shown below. 


|T| A(db) 





Chapter 14, Solution 13. 


= 0.1(1 +j a,) = (1/100)(1 + jfe>) 

(jco) 2 (\() + J,co) ( jco) 2 (l + jco/ÍO ) 

G dB = -40 + 201og 10 | 1 + joj | - 401og 10 | jco | - 201og 10 | 1 + j'co/101 
(j) = -180° + tan ‘co- tarf 1 co/10 


The magnitude and phase plots are shown below. 



- 180 °H 




Chapter 14, Solution 14. 


H(0) = 


250 


\ + j co 


25 


jco 


joAO (jco^ 


2 \ 


25 


V 3 j 


H dB = 201og 10 10 + 201og 10 | 1 + jco | - 201og 10 | jco \ 
- 201og 10 | 1 + jco2/5 + (jco/5) 2 | 


(|) = -90° + tan 1 co - tan 


" colO/25 " 

V 1 — co 2 /5 y 


The magnitude and phase plots are shown below. 






Chapter 14, Solution 15. 


HM = 2(1 + ^> = ftl(1+ ^ 

(2 + »(10 + jco) (1 + ja/ 2)(1 + M/10) 

// ;/B - 201og 10 0.1 + 201og 10 | 1 + jco | - 201og 10 11 + ;®/21 - 201og 
(j) = tan 1 co-tan' 1 co/2- tan' 1 co/10 


The magnitude and phase plots are shown below. 



1+ jco /10 


- 90 ° 





Chapter 14, Solution 16. 


1.0 

T<r _ ££ 

h(u)= / w [ 1+/ " + ^] /6 '[ l4 ' / ‘“ + ^r)] 


Hdb = 201ogio|0.1| -20olgiob’®| -201ogio|l+jco+G®/4) 2 

The magnitude and phase plots are shown below. 

H 
































Chapter 14, Solution 17. 


G(co) = 


(1/4) jco 

(1+ jco)(l + jco/2) 2 


G dB = -201og 10 4 + 201og 10 | jco | - 201og IO | 1 + jco| - 401og 10 | 1 + jco/21 


4> = -90°-tan 1 co-2tan 'co/2 

The magnitude and phase plots are shown below. 




H (jw) P hase 


Chapter 14, Solution 18. 


The MATLAB code is shown below. 

» w=logspace(-l,l,200); 

» s=i*w; 

» h=(7*s. A 2+s+4)./(s. A 3+8*s. A 2+14*s+5); 
» Phase=unwrap(angle(h))*57.23; 

» semilogx(w,Phase) 

» grid on 



Now for the magnitude, we need to add the folio wing to the abo ve, 

» H=abs(h); 

» HdB=20*log 10(H); 

» semilogx(w,HdB); 

» grid on 































H d B 






















Chapter 14, Solution 19. 


H(co) = 8Ojro/[(lO+jw)(2O+j0)(4O+jw)] 

= [80/(10x20x40)] (j co )/[(1 +j co/ 10)( 1 +j to/20)( 1 +j qj/40)] 

Hdb = 201ogio|0.011 + 201ogloljcol _ 201og io| 1+jco/l0| - 201ogio| l+jco/20| - 
201ogio|l+jw/40| 


The magnitude and phase plots are shown below. 






















Chapter 14, Solution 20. 


Design a more complex problem than given in Prob. 14.10, to help other students to 
better understand how to detennine the Bode magnitude and phase plots of a given 
transfer function in terms of jco. Include at least a second order repeated root. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Sketch the magnitude phase Bode plot for the transfer function 



2S/W 

{fu +• lX/w *b S {fu +10) 

Solution 


in cu)- 

. __ 

Ü +/Cü)(l j (l -b^) 


201og(l/100) = -40 


For the plots, see the next page. 




The magnitude and phase plots are shown below. 







Chapter 14, Solution 21. 


H(co) = 10(j w)(20+j co)/[( 1 +j w)(400+60j co-co 2 )] 

= [ 10x20/400](j co)( 1 +j co/20)/[( 1 +j ®)(1+(3j ®/20)+0' w/20) 2 )] 


H dB = 201og(0.5) + 201og|/í/j| + 201og 1 + 


J<*> 

20 


— 20 log|l + jíy|-201ogl 


j3(o 
+ -— + 
20 


f j®' 

V 20 y 


The magnitude plot is as sketched below. 201ogio|0.5| = -6 db 























Chapter 14, Solution 22. 


Hence, 


20 = 201og 10 k -» k = 10 


A zero of slope + 20 dB /dec at co = 2 -> l + jco/2 

1 

A pole of slope - 20 dB / dec at co = 20 -> -—:—— 

F F l + jco/20 

1 

A pole of slope -20dB/dec at co = 100 - > -—;——— 

F F 1 + jco/100 


H(co) 

H(co) 


10(1 +jco/2) 

(l + jco/20)(l +jco/100) 

10 4 (2 +jco) 

(20 +jco)(100 +jco) 



Chapter 14, Solution 23. 


A zero of slope + 20 dB / dec at the origin -> jco 

1 

A pole of slope - 20 dB / dec at co = 1 -» -—;—- 

1 + jco/l 

1 

A pole of slope - 40 dB / dec at co = 10 -> ——;— 7—7 

P P (l + Jco/10) 2 


Hence, 


H(co) 


_j®_ 

(1 + jco)(l + jco/10) 2 


H(co) 


100 jco 

(l + jCD)(10 + jCD) 2 


(It should be noted that this function could also have a minus sign out in 
front and still be correct. The magnitude plot does not contain this 
information. It can only be obtained from the phase plot.) 



Chapter 14, Solution 24. 


40 = 201og W K -> A" = 100 

There is a pole at co=50 giving l/(l+j co/50) 

There is a zero at co=500 giving (1 + jco/500). 

There is another pole at co=2122 giving 1/(1 + jco/2122). 

Thus, 

HO) = 100( 1 +j co)/[( 1 +j oo/50)( l+jco/2122)] 

= [100(50x2122)/500](jco+500)/[(jco+50)(jco+2122)] 
or 

H(s) = 21220(s+500)/[(s+50)(s+2122)]. 



Chapter 14, Solution 25. 


VlC ^OxlO^XlxlO- 6 ) 


= 5 krad/s 


Z(co 0 ) = R = 2kQ 
Z(co 0 /4) = R + j 


V>- 4 ^ 


— L- 
4 co 0 C y 


Z(co 0 /4) = 2000 + j 


5 x 10 3 
l 4 


■ • 40x 10" 3 -■ 


(5 x 10 )(1 x 10 )y 


Z(co 0 /4) = 2000 + j (50 - 4000/5) 
Z(co 0 /4) = 2 - j0.75 kfi 


Z(co 0 /2) = R + j 


co 0 _ 2 


A 


— L- 
2 co 0 C y 


Z(co 0 /2) = 2000 + j 


(5 x10 3 ) 


(40 x 10' 3 ) - 


(5 x 10 3 )(1 x 10‘ 6 )y 


Z(co 0 /2) = 200+j( 100-2000/5) 
Z(co 0 /2)= 2-j0.3kQ 


Z(2co 0 ) = R + j 


2 C ° 0 L-^ 


Z(2co 0 ) = 2000 + j (2)(5 x 10 3 )(40 x 10' 3 ) - 


1 


(2)(5 x 10 3 )(1 x 10' 6 )y 


Z(2co 0 ) = 2 + j0.3 kQ 


í 


Z(4co 0 ) = R + j 


1 


A 


4co n L- 

0 4co 0 C ) 


f 


Z(4co 0 ) = 2000 + j 


(4)(5 x 10 3 )(40 x IO" 3 ) - 


1 


(4)(5 x 10 3 )(1 x 10' 6 )y 


Z(4co 0 ) = 2 + j0.75kD 



Chapter 14, Solution 26. 


Design a problem to help other students to better understand co 0 , Q, and B at resonance in 
series RLC circuits. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

A coil with resistance 3 Q and inductance 100 mH is connected in series with a capacitor 
of 50 pF, a resistor of 6 Q, and a signal generator that gives 110V-nns at all frequencies. 
Calculate co 0 , Q, and B at resonance of the resultant series RLC Circuit. 

Solution 

Consider the Circuit as shown below. This is a series RLC resonant circuit. 


6 Q 50 pF 3Q 



R=6 + 3 = 9Q 


(O n = 


4LC VlOO.rlO ^50.rl0 


12 


= 447.21 krad/s 


Q = 


coL 447.2 l.rl O 3 xí OO.rl O 3 


R 


= 4969 


447.2 U10» 

q 4969 - 



Chapter 14, Solution 27. 


CO„ = 


= 40 


-> LC = 


40 


0 VZc 

5 = — = 10 
L 

If we select R =1 Q, then L = R/10 = 100 mH and 


-> R = 10L 


C = 


1 


1 


40 2 L 40 2 .*0.1 


= 6.25 mF 



Chapter 14, Solution 28. 


R = 10Q. 


L = 


R 

B 


10 

20 


= 0.5 H 


1 

cOgL 


1 

(1000) 2 (0.5) 


= 2 p,F 


Q = 


«0 

B 


1000 

20 


= 50 


Therefore, if R = 10 Q then 

L = 500 mH , C = 2 pF , Q = 50 



Chapter 14, Solution 29. 


We convert the voltage source to a current source as shown below. 



i = —coscot, R = 12//45= 12x45/57 = 9.4737 kQ 
s 12 

a, = ~^L= = 1 = = 4.082 krad/s = 4.082 krad/s 

\LC yj 60xl0~ 3 xlxlO* 6 


B = 


1 


1 


RC 9.4737x10 xlO - 
Q Vq 4082 
2 B 105.55 


= 105.55 rad/s = 105.55 rad/s 


= 38.674 =38.67 


60 mH 


4.082 krads/s, 105.55 rad/s, 38.67 



Chapter 14, Solution 30. 

(a) f 0 = 15,000 Hz leads to co 0 = 2jtf 0 = 94.25 krad/s = 1/(LC) 0 5 or 

LC = l/8.883xl0 9 orC= 1/(8.883x10 9 x10^ 2 )= 11.257x10 9 F = 11.257 pF. 

(b) since the capacitive reactance cancels out the inductive reactance at resonance, 
current through the series Circuit is given by 

I = 120/20 = 6 A. 

(c) Q = cOqL/R = 94.25x10 3 (0.01)/20 = 47.12. 



Chapter 14, Solution 31. 


R = 10Q. 

L = R . 

= 10 = 0.05 H = 50 mH 

co 0 Q 

(10)(20) 

1 

1 

C = ^ = 

- = 0.2 F 

cOqL 

(100)(0.05) 

B = 1 = 

---= 0.5 rad/s 

RC 

(10)(0.2) 



Chapter 14, Solution 32. 


Design a problem to help other students to better understand the quality factor, the 
resonant frequency, and bandwidth of a parallel RLC circuit. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

A parallel RLC circuit has the following values: 

R = 60 Q, L = 1 mH, and C = 50 pF 

Find the quality factor, the resonant frequency, and the bandwidth of the RLC circuit. 

Solution 


O) = 


B = 


1 


1 


VZc Vl0~ 3 *50*10 
1 1 


-6 


= 4.472 krad/s 


RC 60*50*10 


= 333.33 rad/s 


ç - q, . 4472 
B 333.33 


= 13.42 



Chapter 14, Solution 33. 

B = a) 0 /Q = 6x10 6 /120 = 50 krad/s. 

0i = 0o - B = 5.95xl0 6 rad/s and 02 = 0 O + B = 6.05xl0 6 rad/s. 



Chapter 14, Solution 34. 


Q = <z> 0 RC 



2;zf 0 R 


_80_ 

2;zx5.6x10 6 x40xl 0 3 


= 56.84 pF 


Q = 


R 

co 0 L 


R _ 40xl0 3 

27tf 0 Q 2 ttx5.6x10 6 x80 


14.21 pH 



Chapter 14, Solution 35. 


(a) 

(b) 

(c) 


C0„ = 


VLC V8x10" 3 x60x10" 6 


= 1.443 krad/s 


B = 


RC 5x10x60x10 


-6 


- 3.33 rad/s 


Q = co 0 RC = 1.443xl0 3 x5xl0 3 x60xl0 6 = 432.9 



Chapter 14, Solution 36. 


At resonance, 


Y = — 

R 


Q = co 0 RC 


1 


1 


- R= Y = 

—> c = 


1 


Y 25 x 10‘ 3 

Q 


= 40 Q 

80 


co 0 R (200 x 10 )(40) 


Vlc 


-> L = 


1 


1 


CDgC (4x 10 )(10x 10 


co n 200 xio 3 


B = —= 

Q 


80 


= 2.5 krad/s 


B 


coj = coq - — = 200 -1.25 = 198.75 krad/s 
a >2 = (Oq = 200 + 1.25 =201.25 krad/s 


10 pF 


= 2.5 pH 



Chapter 14, Solution 37. 


co° = = 5000 rad / s 


Y(co 0 ) = - 


R 


-» Z(co 0 ) = R = 2 kD 


Y(0 o /4) = i + j 

K 


Z(co 0 /4) — 


'as-c- 4 ' 


co 0 L 


1 


0.0005 -j0.01875 


= 0.5 - jl8.75 mS 

(1.4212+ j53.3)Q 


Y(to 0 /2) = -i + j 

iv 


Z(co 0 /2) = 


A(O 0 c 2 ^ 


= 0.5 - j7.5 mS 


1 


0.0005 - j0.0075 


co 0 Ly 

= (8.85 + jl32.74) Q 


Y(2co 0 ) - — + j 

IV 


2coqL — 


1 


2C0r\C 


= 0.5 + j7.5 mS 


0W 


Z(2co 0 ) = (8.85 - jl32.74) Q 


Y(4co 0 ) = ~ + j 

IV 


4co 0 L-- 


4co 0 C j 


= 0.5 + jl8.75 mS 


Z(4co 0 ) = (1.4212 -j53.3)Q 



Chapter 14, Solution 38. 


1 


L 


V 


1 


jcoL(R + -—) — + jcoLR R - j(coL - —) 

Z = j(oL//(R 4—-—) = --A-- 

jcoC D , 1 , ; „ T d 2 , z„t 1 \2 


R h -h jcoL 

jcoC 


R~ + (coL- y 

coC 


coLR 


Im(Z) = 


2_k 

C 


í 


coL —— 
V coC 


A 


R 2 + (coL ——) 2 
coC 


= 0 


-» co 2 (LC-R 2 C 2 ) = 1 


Thus, 


co = 


V lc-r 2 c 2 



Chapter 14, Solution 39. 


R + jcoL 


+ jcoC = jcoC + 


R - jcoL 
R 2 +co 2 L 2 


At resonance, Im(Y) = 0, i.e. 



co 0 = 4.841 krad/s 



Chapter 14, Solution 40. 


(a) 


(b) 

(c ) 

(d) 

(e) 


B = co 2 -coi = 27x(f 2 -fi) = 27t(90 - 86)xl(r = 87tkrad/s 


co 0 = “í®! + o 2 ) = 27t(88)xl0 3 = 1767tX10 3 


B = 


1 


RC 


-> C = 


1 


1 


BR 87tx10 3 x2x10 3 


= 19.89nF 


co 0 = 


Vlc 


-> L = 


co 


2 oC (176tcX10 3 ) 2 x19.89x10“ 9 


co 0 = 176 tt: = 552.9krad/s 


B = 8tt = 25.13krad/s 


= 176 ^ = 22 
B 8ti 


164.45 pH 
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Using Fig. 14.80, design a problem to help other students to better understand the quality factor, 
the resonant frequency, and bandwidth of an RLC Circuit. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in Example 14.9. 

Problem 

For the circuits in Fig. 14.80, find the resonant frequency a>o, the quality factor Q, and the 
bandwidth B. Let C = 0.1 F, Ri = 10 Q, R 2 = 2 Q, and L = 2 H. 


R 2 



Figure 14.80 
For Prob. 14.41. 

Solution 

To find 0 O , we need to find the input impedance or input admittance and set imaginary 
component equal to zero. Finding the input admittance seems to be the easiest approach. 

Y = jcoO.l + 0.1 + l/(2+j02) = jcoO.l + 0.1 + [2/(4+40 2 )] - [j©2/(4+40 2 )] 

At resonance, 

0.1© = 2©/(4+4© 2 ) or 4© 2 + 4 = 20 or © 2 = 4 or © 0 = 2 rad/s 


and, 


Y = 0.1 +2/(4+16) = 0.1 + 0.1 = 0.2 S 

The bandwidth is define as the two values of © such that |Y| = 1.4142(0.2) = 0.28284 S. 

I do not know about you, but I sure would not want to solve this analytically. So how about 
using MATLAB or excel to solve for the two values of ©? 



Using Excel, we get ce>i = 1.414 rad/s and 02 = 3.741 rad/s or B = 2.327 rad/s 
We can now use the relationship between co 0 and the bandwidth. 

Q = ® 0 /B = 2/2.327 = 0.8595 
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(a) This is a series RLC circuit. 

R = 2 + 6 = 8Q, L = 1 H , C = 0.4 F 


_L_1_ 

Vlc ~ VÕ4 


1.5811 rad/s 


= cOoL = L5811 = 0 19?6 
R 8 


B = — = 8 rad/s 
L 


This is a parai lcl RLC circuit. 


3 pF and 6 pF 


(3)(6) 


= 2 pF 


C = 2 pF, R = 2kQ, L = 20 mH 


Vlc J(2 x to 6 )(20 x 10 3 ) 


= 5krad/s 


__R_ 2 x 10 3 

Q “ cõT “ (5x 10 3 )(20x 10' 3 ) “ 20 


1 1 

B =-=---— = 250 rad/s 

RC (2 x 10 )(2 x 10 6 ) 
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(a) Z in = (1/jcoC) II (R + jcoL) 


Z;„ = 


z = 


R + jcoL 
jcoC 


R + jcoL 


_ . T 1 l-co 2 LC + jcoRC 

R + JCOL + — 
jcoC 

(R + jcoL)(l - orLC - jcoRC) 
(l-co 2 LC) 2 +co 2 R 2 C 2 


At resonance, Im(Z in ) = 0 , i.e. 

0 = co 0 L(l - cOqLC) - co 0 R 2 C 
coqL 2 C = L-R 2 C 


co 0 


l-r 2 c í~7 r 7 


(b) Z in = R II (jcoL + 1/jcoC) 

R (jcoL+ 1/jcoC) R(l-co 2 LC) 

m “ R +jcoL + 1/jcoC “ (l-co 2 LC) +jcoRC 
R (1 - co 2 LC)[(1 - co 2 LC) - jcoRC] 

Z “ “ (1-co 2 LC) 2 +co 2 R 2 C 2 

At resonance, Im(Z in ) = 0, i.e. 

0 = R (1 - co 2 LC) coRC 
1-co 2 LC = 0 
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Consider the circuit below. 


1/jtoC 

ne- 



ia) Z in = (R, II jcoL) II (R 2 + Vjc°C) 


' RJcoL A f 


Z = 


U, +j®Lj 

jcoRiL 
R, + jcoL 


R 2 + 


1 


A 


í 


1 


jwCy 

A 


R2 + j»o 


r i+ J_ + JML. 

jcoC R^jcoL 


Z in 

z m 

z 


jcoR 1 L(l + jcoR 2 C) 


(R, + jcoL)(l +jcoR 2 C)-co 2 LCR, 

-co 2 R,R 2 LC + jcoRjL 
R, -co 2 LCR 1 -co 2 LCR 2 +j(o(L + R 1 R 2 C) 
(-co 2 R,R 2 LC + jcoR 1 L)[R 1 -a> 2 LCRj -co 2 LCR- 


jco(L + RjR 2 C)] 


(R, -co 2 LCR 1 -co 2 LCR 2 ) 2 +co 2 (L + RjR 2 C) 2 


At resonance, Im(Z in ) = 0, i.e. 

0 = co 3 R 1 R 2 LC(L + R,R 2 C) + coR 1 L(R 1 -orLCR! -co 2 LCR 2 ) 
0 = co 3 R 2 R 2 LC 2 +RfcoL-co 3 R 1 2 L 2 C 
0 = co 2 R 2 C 2 +1-co 2 LC 
co 2 (LC- R 2 C 2 ) = 1 


1 

co n = , 

7lc-r 2 c 2 

1 

° _ j(0.02)(9 x IO' 6 ) - (0.1) 2 (9 x IO 6 ) 2 

co 0 = 2.357 krad/s 



(b) At co = co 0 = 2.357 krad/s , 

jcoL = j(2.357 x 10 3 )(20x 10' 3 ) = j47.14 


Í47.14 

R, II jcoL = . , =0.9996 + j0.0212 

1 J 1 + j47.14 J 


R o +-= 0.1 +-r-— 

2 jcoC j(2.357 x 10 3 )(9 x 10‘ 6 ) 


0.1 — j47.14 


Z in (co 0 ) = (Rj II jcoL) II (R 2 +1/jcoC) 


(0.9996 + j0.0212)(0.1-j47.14) 
z ,„ (®o) - (o 9996 + jo.0212) + (0.1- j47.14) 
Z in (co 0 ) = 1Q 
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Convert the voltage source to a current source as shown below. 



R = 30//50 = 30x50/80 = 18.75 kQ 
This is a parallel resonant circuit. 

= — 1 _ = 447.21 rad/s 

VLC VlOxlO 3 x50xl0 6 


RC 18.75x10 x50xl0~ 


= 1.067 rad/s 



447.21 

1.067 


419.13 


447.2 rad/s, 1.067 rad/s, 419.1 
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(a) 


1II jco = 


jft> 

1 +jco’ 


1 l/jto 1 

jco 1 +1/jco l + jco 


Transform the current source gives the circuit below. 



y 1 + jto jco l 

0 . 1 jco l + jco 

1 +. . +. 

1 + JCO 1 + JCO 


wc ^ V ° j® 
H(co) = — = 


I 2(1 +jco) 2 


(b) H(l) = 


1 


2(1 + j ) 2 


H(l) 


1 

2(V2) 2 


0.25 
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H(co) 


Hence, 


R 


V; R + jcoL 1+jcoL/R 


H(0) = 1 and H(oo) = 0 showing that this circuit is a lowpass filter. 

I I 1 

At the comer frequency, | H(co c ) | = , i.e. 

1 1 coL 

V2 I ÃTTv R 


1 + 


l r ; 


or 


R 

^ = r 


R 

C ° c = r = 2nfc 


1 R 1 lOxlO 3 

f ' = 2ÍT = 2Í'2^ =796kHZ 
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R 


H(co) = 


jcoC 


jcoL + R II T 


1 


H(co) = 


jcoC 
R/jcoC 
R + l/jcoC 


jcoL + 


H(co) = 


R/jcoC 

R + 1/jcoC 

R 


R + jcoL-co 2 RLC 


H(0) = 1 and H(oo) = 0 showing that this Circuit is a lowpass filter. 



Chapter 14, Solution 49. 

Design a problem to help other students to better understand lowpass filters described by transfer 
functions. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Determine the cutoff frequency of the lowpass filter described by 


H(0) = 


2 + jco 10 


Find the gain in dB and phase of H(<y) at co= 2 rad/s. 


Solution 


Hence, 


4 

At de, H(0) = - = 2. 


H(co) 


Ti m) - 


2 

VI 


2 4 

V2 ~ ^/4 + lOOco; 


4 + 100co^=8 -> co c = 0.2 


H(2) = 


| H(2) | 


4 

2 + j 2 0 
2 

" VTõT 


2 

1 + jlO 

0.199 


In dB, 201og 10 H(2) = -14.023 


argH(2) = -tan _1 10 = -84.3° or ® c = 1.4713 rad/sec. 
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V„ icoL 


H(0) = 0 and H(co) = 1 showing that this Circuit is a highpass filter. 



1 R _ 1 200 

0 2n L 2n 0.1 


318.3 Hz 
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The lowpass RL filter is shown below. 

L 



V s R + jcoL 1 + jcoL/R 


©„ = — = 2nt - > R = 2ntL = 2tix5x 10 3 X40X10" 3 = 1.256kD 

L c - 




Chapter 14, Solution 52. 

Design a problem to help other students to better understand passive highpass filters. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

In a highpass RL filter with a cutoff frequency of 100 kHz, L = 40 mH. Find R. 

Solution 

R 

C°c = = 2 ^ f c 

R = 2nf C L = (2tt)(10 5 )(40x10" 3 ) = 25.13 kQ 
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co, = 2nf 1 = 20n x 10 3 
co 2 = 2nf 2 = 22n x 10 3 


B = co 2 -co, = 
co 2 + co. 


co 0 


2 


2n x 10 3 
= 2ln x 10 3 


Q = 


^0 

B 


21n 

2n 


10.5 


co 0 


1 

Vlc 


i 



L (21tc x 10 3 ) 2 (80 x 10 12 ) 2 ‘ 872H 


R 

B = — -> R = BL 

L 

R = (2n x 10 3 )(2.872) = 18.045 kQ 
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We start with a series RLC Circuit and the use the equations related to the Circuit and the 
values for a bandstop filter. 

Q = g) 0 L/R = l/(co 0 CR) = 20; B = R/L = ro 0 /Q = 10/20 = 0.5; co 0 = 1/(LC) 0 ' 5 = 10 
(LC)° 5 = 0.1 or LC = 0.01. Pick L = 10 H then C = 1 mF. 

Q = 20 = co 0 L/R =10xl0/R or R = 100/20 = 5 0. 
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1 


1 


co„ = 


° VlC ^(25 x IO 3 )(0.4 x IO 6 ) 
10 


= 10 krad/s 


R 

B = — = 


L 25x10 


= 0.4 krad/s 


10 

Q = — = 25 
0.4 


cOj = co 0 - B/2 = 10-0.2 = 9.8 krad/s or 


co 2 = co o + B/2 = 10 + 0.2 = 10.2 krad/s or 


9.8 

f, =— = 1.56 kHz 

1 2n 

10.2 

f, =-= 1.62 kHz 

2 2n 


Therefore, 


1.56 kHz < f < 1.62 kHz 



Chapter 14, Solution 56. 


(a) From Eq 14.54, 


H(s) = 


R 


sRC 


L 


R + sL + — 1 + sRC + s 2 LC §2+s R 

sC L 


R 1 

Since B = — and co 0 = , 


H(s) = 


sB 


s' +sB + co' 


(b) From Eq. 14.56, 


sL + 


H(s) = 


sC 


s 2 + 


LC 


R + sL + 


sC 


2 R 1 

S + S +- 

L LC 


H(s) = 


s 2 + co 2 
s~ + sB + (o 0 


1 

H- 

LC 
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(a) 


Consider the circuit below. 


R 


1/sC 



Z(s) = R + 
Z(s) = 


1 + sRC 
sC(2 + sRC) 

1 + 3sRC + s 2 R 2 C 2 


sC (2 + sRC) 


l =t 


2/sC + R Z (2 + sRC) 

RV S sC(2 + sRC) 


V 0 =I,R = 


y 

H(s) = tt = 


2 + sRC 1 + 3sRC + s 2 R 2 C 2 
sRC 


V s 1 + 3 sRC + s 2 R 2 C 2 

3 


H(s) = 


1 


RC 


1 


s +—— s + 


TllUS, COn = 


RC R 2 C 2 
1 

or 


2/-i2 


R C 


0)0 = RC =lrad/S 


B = —=3rad/s 




(b) Similarly, 


Z(s) = sL + R II (R + sL) = sL + 


R (R + sL) 
2R + sL 


Z(s) = 


R 2 +3sRL + s 2 L 2 
2R + sL 


\ j R l _ RV S 

Z ’ 1 2R + sL Z(2R + sL) 


sLR V s 2R + sL 

2R + sL R 2 +3sRL + s 2 L 2 


H(s) = 



sRL 

R 2 +3sRL + s 2 L 2 


l 

3 


3R 
v L 


S 

J 


3R 

+ —s + 

L 


R 2 

L 2 


Thus, 


co 0 = — = 1 rad/s 

I j 

3R 

B = —— = 3 rad / s 

1 j 
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(a) 

(b) 


co n = 


VlC a /(0.1)(40x10' 12 ) 


R 2xl0 3 

B =r=^r= 2xl ° 

Q= »o = aw =25 


B 


2 x 10" 


= 0.5 x 10 6 rad/s 


As a high Q circuit, 

(Oj = co 0 -y = 10 4 (50-1) = 490 krad/s 
co 2 =co 0 +^ = 10 4 (50 + 1) = 510 krad/s 

(c) As seen in part (b), Q = 25 
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Consider the circuit below. 


Ro 



Z(s) = R 


d L+ scv 


R(sL + l/sC) 
R + sL + 1/sC 


Z(s) = 


H = 


R(1 + s 2 LC) 

1 + sRC + s 2 LC 

V,. Z 


R(1 + s 2 LC) 


V; Z + R 0 R 0 + sRR 0 C + s 2 LCR 0 + R + s 2 LCR 


Z ; „ = R„ + Z = R„ + 


R(1 + s 2 LC) 


“° ' “° ' l + sRC + s 2 LC 

R„ + sRR„C + s 2 LCR„ + R + s 2 LCR 


Z;„ = 


1 + sRC + s 2 LC 


s = jco 


Z;„ = 


R 0 + jcoRR 0 C - co 2 LCR 0 + R - co 2 LCR 
l-co 2 LC + jcoRC 


(R 0 +R- co 2 LCR 0 - orLCR + jcoRR 0 C)(l - co 2 LC - jcoRC) 
(1 - co 2 LC) 2 + (coRC) 2 


Im(Z in ) = 0 implies that 


-coRC[R 0 +R-co 2 LCR 0 - orLCR] + coRR 0 C (1 - co 2 LC) = 0 




R 0 +R-co 2 LCR 0 -co 2 LCR-R g + co 2 LCR 0 = 0 
co 2 LCR = R 


co 0 


,— = , = 15.811 krad/s 

VLC 7( lxl0 " 3 X 4x10 ' 6 ) 


_ R(1-(o 2 LC) _ 

R o + jcoRR o C + R - co 2 LCR 0 - co 2 LCR 


H max = H(0) = 


R 


R„ +R 


R 


0r H max = H(<») = lim 


—^--LC 
Vco 


J 


«»R iL +R + jRR£_ LC(R + R } 


CO 


CO 


R 

R + R 0 


At C 0 [ and co 2 , H 


1 



R _ R(1-co 2 LC) _ 

a/ 2(R 0 + R) R 0 + R - co'LC(R 0 + R) + jcoRR 0 C 

J_ (R 0 +R)(1-co 2 LC) _ 

V2 ~ ^/(coRR 0 C) 2 + (R 0 + R - co 2 LC(R q + R)) 2 

1 10(1 — co 2 • 4x 10' 9 ) 

V2 ~ (96x 10' 6 co) 2 + (10- co 2 • 4x 10" 8 ) 2 

_ 10(1 — co 2 -4x 10 9 ) _ 1 

V(96xl0 6 co) 2 +(10-co 2 -4X10' 8 ) 2 yÍ2 

(10-co 2 -4xl0- 8 )(V2)-V(96xl0- 6 co) 2 +(10-co 2 -4xl0- 8 ) 2 =0 

(2)(10-co 2 -4x 10' 8 ) 2 = (96xl0' 6 co) 2 +(10-co 2 -4xl0 8 ) 2 

(96 x 10' 6 co) 2 - (10 - co 2 • 4 x 10' 8 ) 2 = 0 


1.6 xl0 15 co 4 -8.092x10 7 co 2 +100 = 0 



Hence, 


co 


co 


- 5.058 x 10 8 + 6.25 x 10 16 =0 
Í2.9109 x 10 8 
~ 1 2.1471 x 10 8 


C 0 j = 14.653 krad/s 
co 2 = 17.061 krad / s 

B = co 2 - coj = 17.061 -14.653 = 2.408 krad/s 
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H'(co) 


jcoRC jco 

1 + jcoRC “ jco + l/RC 


(from Eq. 14.52) 


This has a unity passband gain, i.e. H(oo) = 1. 
1 


RC 


= co„ = 50 


H A (co) = 10H'(co) = 


jlOco 
50 + jco 


H(co) = 


jlOco 

50 +jco 



Chapter 14, Solution 61. 


(a) 


(b) 


1/jcoC 

+ R + 1/jcoC 
Since V + = V_, 


H(co) = 


1 

-V =y 

1 + jcoRC 1 

Vo 1 

V, 1 + jcoRC 

R 


V = ■ 


R + 1/jcoC 


V ; , 


Since V + = V_, 
jcoRC 

—-y =y 

1 + jcoRC 1 


H(co) = 



jcoRC 
1 + jooRC 
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This is a 


highpass filter. 
jcoRC 


1 


1 - 




(a) 


(b) 


(c) 


H(co) = 


1 


1 


i-jfc/f i- jiooo/f 


H(f = 200 Hz) = ——— = ~~ 
1- J5 V, 


i 120 mV 

V =-= 23.53 mV 

' l-j5 


H(f = 2 kHz) = 


1 


l-j0.5 V, 


i 120 mV 

V G =-= 107.3 mV 

01 1-J0.5 


H(f = 10 kHz) = 


1 


i-jo.i V, 


i 120 mV 

V =-= 119.4 mV 

0| 1-jO.l 


4 ~= 2ti(1000) 
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For an active highpass filter, 


H(s) = 


sCjRf 
1 + sCjRj 


But 


H(s) = 


lOs 

1 + s/10 


Comparing (1) and (2) leads to: 


C.R f = 10 -> R f = — = 10MQ 

1 f f Cj - 


C;R ; = 0.1 -> R ; = —= 100kQ 

c, - 


( 1 ) 

( 2 ) 
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This is a bandpass filter. H(co) is similar to the product of the transfer function of a 
lowpass filter and a highpass filter. 
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R jcoRC 

V =-V =—-v 

+ R + l/jcoC 1 1 +jcoRC 1 


y =—^i _v 

Ri + Rf ° 


Since V + = V_, 


R: jcoRC 

— 1 —y =—-y 

R; + R f 0 1 +jcoRC 1 


Vo L , Rf jcoRC 
“ V, l 1 R, Al + jcoRC 


It is evident that as co —> oo, the gain is 1 + —— and that the comer frequency is —— 

R. RC 



Chapter 14, Solution 66. 


(a) 

(b) 

(c) 


Proof 

When R x R 4 = R,R 3 , 

R 4 s 

H(s) “ R 3 +R 4 ' s+1/R 2 C 
When R 3 —» oo, 


H(s) = 


-i/R.c 

s + l/RjC 
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DCgain = ^ L = ^- - > Ri=4R f 

1 

Comer frequency = co c = = 27t(500) rad/s 

^ C— ^ 

If we select R f =20 kQ, then R ; = 80 kQ and 
1 

C =-T- = 15.915 nF 

(27r)(500)(20 x 10 3 ) 

Therefore, if R f =20 kQ , then R ; = 80 kQ and C = 15.915 nF 



Chapter 14, Solution 68. 

Design a problem to help other students to better understand the design of active highpass filters 
when specifying a high-frequency gain and a corner frequency. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Design an active highpass filter with a high-frequency gain of 5 and a corner frequency 
of 200 Hz. 

Solution 

R f 

High frequency gain = 5 = —— -> R f = 5R ; 

R 

1 

Comer frequency = co c = = 27 t( 200) rad/s 

R ;C- 


If we select R ; = 20 kQ, then R f =100 kQ and 
1 


C = 


(27t)(200)(20xl0 3 ) 


= 39.8 nF 


Therefore, if R ; = 20 kQ , then R f = 100 kQ and C = 39.8 nF 
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This is a highpass filter with f c = 2 kHz. 


co c = 2nf c 


1 

RC 


RC = 


1 

2 ^ 


1 

47t x 10 3 


10 8 Hz may be regarded as high frequency. Hence the high-frequency gain 
- R f -10 

- L = —— or R f = 2.5R 

R 4 f 


1 

If we let R = 10 kQ , then R, =25 kQ , and C = —— -—— = 7.96 nF . 

f 4000 tt xlO 4 
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(a) H(s) = 


Y Y 

í l í 2 


V 0 (s) __ 

V,(s) Y 1 Y 2 +Y 4 (Y 1 +Y 2 +Y 3 ) 


where Y 1 = ^ = G 1 , Y 2 =^- = G 2 , Y 3 =sC 15 Y 4 =sC 2 . 


R, 


R. 


H(s) = 


GjG. 


G 1 G 2 +sC 2 (G 1 +G 2 +sC 1 ) 


G G 

(b) H(0) = -tt^ = 1, H(oo) = 0 

GiG 2 

showing that this Circuit is a lowpass filter. 
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R = 50 Q , L = 40 mH , C = 1 jlxF 


K K 

L' = —L -> 1 = —-(40 x1o 3 ) 

K. ç K. f 


25K f = K m 


C' = 


C 


K m K f 


-> 1 = 


10 


K m K f 


10 6 K f = 


K 


Substituting (1) into (2), 

, 1 

10 6 K f =- 

f 25K f 


K, = 2xl0‘ 


= 25K f = 5 x 10' 3 


( 1 ) 


( 2 ) 
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Design a problem to help other students to better understand magnitude and frequency scaling. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

What values of K m and Kf will scale a 4-mH inductor and a 20-//F capacitor to 1 H and 2 F 
respectively? 

Solution 


L'C' 


LC 

Kf 


■> 


K; 


LC 

L2C 7 


K 


2 

f 


(4xlQ- 3 )(20xlQ- 6 ) 

HX2) 


= 4x 10" 8 


K f = 2xl0' 4 


L' 

C 7 



■> 


K: 


L/ C 
CL 


K 


2 

m 


(1) (20xlQ- 6 ) 

(2) (4x 10‘ 3 ) 


= 2.5 x 10" 3 


K 


m 


5 x 10 1 2 
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R' = K m R = (12)(800x 10 3 ) = 9.6 MQ 
K 800 

l '=í" l =t ^ (40x10 )=32 ^ 


C 300 xlQ- 9 
K m K f “ (800)(1000) 


0.375 pF 



Chapter 14, Solution 74. 


R\ = K m Rj = 3x100 = 300Q 


r, 2 = K m R 2 = 10x100 = lkQ 


K 10 2 

L'= —2-L = —-(2) = 200 u.H 

K f 10 6 — 


C' = 


10 


K m K f 10 s 


= InF 
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R' =K m R = 20x10 = 200Q 
K 10 

L' = —— L = —-(4) = 400 pH 
K f 10 5 — 

C 1 

C' = -=- r = lpF 

K m K f 10x10 — 



1 
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R ' = K m R = 500x5x\0 = 25 MQ 

L' = —^L = ^(10 mH) = 50 //H 
K, 10 5 —— 


C' = 


L / 

C 


20x1 


K m K f 500x10 5 


= 0.4 pF 
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L and C are needed before scaling. 


R R 10 

B = — - > L = — = — = 2 H 

L B 5 


Vlc 


-> C = 


cOgL (1600)(2) 


(a) L' = K m L = (600)(2) = 1.200 kH 
C 3.125 x 10‘ 4 

C' = — =-—-= 0.5208 pF 


K 


600 


(b) L' = -7- - 


= 2 mH 


K f 10 J 
C 3.125 xlO 4 

c = k 7 = íõ 5 =312 - 5nF 


K (400)(2) 

(c) L' = T t l L= y _; v =8mH 


K, 


C' = 


C 


K„K, 


10 5 
3.125 x 10 4 
(400)(10 5 ) 


7.81 pF 


312.5 pF 



Chapter 14, Solution 78. 


R' = K m R = (1000)(1) = 1 kQ 
K. 


L' = 


K, 


10 3 

-L = — (1) = 0.1H 


10 


C' = 


c 


1 


K m K f 


( 10 3 )( 10 4 ) 


= 0.1 


The new Circuit is shown below. 



Chapter 14, Solution 79. 



There is a supemode. 

i-v. _ 

R sL + l/sC 



Substituting (3) and (4) into (1) gives 

i-v, v 0 sc 

- L _ _- Y 

R sL 1 + 4 s 2 LC 1 

sRC 1 + 4 s 2 LC + sRC 

1 = V +-V =-V 

1 l + 4s 2 LC 1 l + 4s 2 LC ] 

1 + 4s 2 LC 

Vl “ l + 4s 2 LC + sRC 


( 2 ) 

(3) 

(4) 


1-V, _ sRC 

R “ R(1 + 4s 2 LC + sRC) 


1 1 + sRC + 4s 2 LC 

V o ~ 




( 5 ) 


(b) 


Z m -4sL + R + sC 


When R = 5 , L = 2, C = 0.1, 

10 


Z in( S ) “ 8s + 5 + 

s 


At resonance. 


Im ( Z m) = 0 = 4 ® L -^ 


or co n = 


2VLC 2^/(0.1)(2) 


1.118 rad/s 


After scaling, 

R' -> R m R 

4 Q -> 40 Q 

5Q -> 50 Q 


K 10 

L' = —L =-(2) = 0.2 H 

K f 100 7 


C' = 


C 


0.1 


K m K f (10)(100) 


= 10 


-4 


From (5), 


Z m (s) = 0.8s + 50 + 


1 


w 

s 

1 


co 0 = 


2VLC 2 a /(0.2)(10' 4 ) 


= 111.8 rad/ s 



Chapter 14, Solution 80. 


(a) R' = K m R = (200)(2) = 400 Cl 


K m L (200)(1) 

L' =-=-t— = 20 mH 

K, 10 4 


C' =-=-— = 0.25 uF 

K m K f (200)(10 4 ) 


The new Circuit is shown below. 

20 mH 


0.25 pF 


400 Q 


J>°- 


(b) Insert a 1-A source at the terminais a-b. 


—*- uuuu 

,r Ix 


J —— l/(sC) < 

ÍR < 


!> # - 


At node 1, 

1 = sCV, + 


v,-v 2 


At node 2, 

v,-v 2 


—^ + 0.5I X =-f 
sL R 


But, I x = sC V,. 


v-v 


-- + 0.5sC V, = — 

sL 1 R 



Solving (1) and (2), 

sL + R 

Vl = s 2 LC + 0.5sCR + 1 


Vj sL + R 

T“ s 2 LC + 0.5sCR + 1 


At co = 10 4 , 


_ (jlO 4 )(20 x10 3 )+ 400 _ 

(jl0 4 ) 2 (20x 10 3 )(0.25 x 10 6 ) + 0.5(jl0 4 )(0.25 x 10' 6 )(400) + 1 


Z 


Th 


400 + j200 
0.5 + j0.5 


600 - j200 


Z Th = 632.5Z -18.435° ohms 



Chapter 14, Solution 81. 


— = G + jcoC +--- 

Z R + jcoL 


(G + jcoC)(R + jcoL) +1 
R + jcoL 


which leads to Z = 


jcoL + R 

- co 2 LC + jco(RC + LG) + GR +1 


Z(co) = 


. co R 

J—i- 

C LC _ 

2 . (R G^j GR + 1 

■ CO + j CO 1 H- 

L C LC 


We compare this with the given impedance: 


Z(co) = 


1000(jco + l) 

— co +2jco+ 1 + 2500 


Comparing (1) and (2) shows that 


- = 1000 
C 


C = 1 mF, R/L = 1 


R = L 


R G „ 

—+ —= 2 

L C 


G = C = 1 mS 


Thus, 


2501 = 


GR +1 _ 10~ 3 R + 1 
LC “ IO" 3 R 


R = 0.4 = L 


R = 0.4ÍL L = 0.4 H, C = 1 mF, G = 1 mS 


(b) By frequency-scaling, K r =1000. 


R’ = 0.4 íl, G’ = 1 mS 


L'= —= ^4 = 0.4mH, C’= — = ^ = 1^ 

K f 10 3 - K f 10“ 3 — 



Chapter 14, Solution 82. 


C' = 


C 

K m K f 


co' 200 

K f = — =-= 200 

co 1 


1 


_ 

K ” “ C' K 


1 1 


10' 6 200 


= 5000 


R' = K m R=5kQ, thus, Rf=2R; 


10 kQ 



Chapter 14, Solution 83. 


lpF 


C’ = 


K m K f 


C = 


10“ 6 

lOOxlO 5 


0.1 pF 


5pF - > C = 0.5 pF 


10 kQ -> R' = K„,R = 100x10 kQ = 1MQ 

20 kQ -» R'= 2MQ 



Chapter 14, Solution 84. 


The schematic is shown below. A voltage marker is inserted to measure v 0 . In the AC 
sweep box, we select Total Points = 50, Start Frequency = 1, and End Frequency = 1000. 
After saving and simulation, we obtain the magnitude and phase plots in the probe menu 
as shown below. 




1.0Hz 3.0Hz 10Hz 30Hz 100Hz 300Hz 1.0KHZ 

□ U(R2:1) 


Frequency 








Chapter 14, Solution 85 


We let I s = 1Z0° A so that V 0 /I S =V 0 . The schematic is shown below. The circuit is 
simulated for 100 < f < 10 kHz. 



































Chapter 14, Solution 86. 


Using Fig. 14.103, design a problem to help other students to better understand how to use 
PSpice to obtain the frequency response (magnitude and phase of I) in electrical circuits. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Use PSpice to provide the frequency response (magnitude and phase of i) of the circuit in 
Fig. 14.103. Use linear frequency sweep from 1 to 10,000 Hz. 


1 kl2 1 kl2 1 kl2 



I 

mil 


Figure 14.103 

Solution 

The schematic is shown below. A current marker is inserted to measure I. We set Total 
Points = 101, start Frequency = 1, and End Frequency = 10 kHz in the AC sweep 
box. After simulation, the magnitude and phase plots are obtained in the Probe menu as 
shown below. 



































Chapter 14, Solution 87. 

The schematic is shown below. I n the AC Sweep box, we set Total Points = 50, Start 
Frequency = 1, and End Frequency = 100. After simulation, we obtain the magnitude 
response as shown below. It is evident from the response that the circuit represents a 
high-pass filter. 


ACMAG=1 V 


VI 


V 7 , 


0 


C3 

Cl 

C2 

.__ i 

HH 

—11— i 

k ij 

1 

> 

L 1 J 

r ^ 

_ d 

>R11Í 

< 

k _A_ á 

:R2 < 

< 

k _ 


R3 



100nHz 1.0Hz 10Hz 100Hz 1.0KHZ 

□ U(R3:1) 


Frequency 








Chapter 14, Solution 88. 


The schematic is shown below. We insert a voltage marker to measure V 0 . In the AC 
Sweep box, we set Total Points = 101, Start Frequency = 1, and End Frequency = 
100. After simulation, we obtain the magnitude and phase plots of V 0 as shown below. 



15mU — 



Frequency 










Frequency 




Chapter 14, Solution 89. 


The schematic is shown below. In the AC Sweep box, we type Total Points = 101, Start 
Frequency = 100, and End Frequency = 1 k. After simulation, the magnitude plot of 
the response V 0 is obtained as shown below. 


RI 



Ó.0U- 



□ U(L1:1) 


Frequency 









Chapter 14, Solution 90. 


The schematic is shown below. In the AC Sweep box, we set 
Total Points = 1001, Start Frequency = 1, and End Frequency = 100k. After 
simulation, we obtain the magnitude plot of the response as shown below. The response 
shows that the circuit is a high-pass filter. 




Frequency 










Chapter 14, Solution 91. 


The schematic is shown below. In the AC Sweep box, we select Total Points = 101, Start 
Frequency = 10, and End Frequency = 10 k. After simulation, the magnitude plot of the 
frequency response is obtained. From the plot, we obtain the resonant frequency f Q is 
approximately equal to 800 Hz so that co 0 = 27tf 0 = 5026 rad/s. 




Frequency 








Chapter 14, Solution 92. 

The schematic is shown below. We type Total Points = 101, Start Frequency = 1, and 
End Frequency = 100 in the AC Sweep box. After simulating the circuit, the magnitude 
plot of the frequency response is shown below. 









Chapter 14, Solution 94. 


co c 


1 

RC 


We make R and C as small as possible. To achieve this, we connect 1.8 kQ and 3.3 kQ in 
parallel so that 


1.8x3.3 
~ 1.8 + 3.3 


1.164kQ 


We place the 10-pF and 30-pF capacitors in series so that 


C = (10x30)/40 = 7.5 pF 


Hence, 


(Q„ 


1 

RC 


1 

1.164xl0 3 x7.5xl0 12 


= 114.55xl0 6 rad/s 



Chapter 14, Solution 95. 


(a) f o = 


2ttVlC 


When C = 360 pF, 


27u/(240x10- 6 )(360x10 12 ) 


= 0.541 MHz 


When C = 40 pF. 


27t:a/( 240 x 10‘ 6 )(40x 10 12 ) 


= 1.624 MHz 


Therefore, the frequency range is 


0.541 MHz < f„ < 1.624 MHz 


(b) Q = 


At f n =0.541 MHz, 


(2tt)(0.541x10 6 )(240x10- 6 ) 

Q =-—^-- = 67.98 

12 


At f 0 =1.624 MHz, 


(2tc)( 1.624 x 10 6 )(240 x 10' 6 ) 

Q = -- = 204.1 

12 



Chapter 14, Solution 96. 



Z, =Rl 


sC, 1 + sR,C, 


1 1 sL + R. +s 2 R,C,L 

Z, =-II (sL + Z,) =-II --- 

2 sC, 1 sC, l 1 + sR l C, 


1 sL + R L + s R l C 2 L 
sCj 1 + sR l C 2 

Zl ~ 1 sL + R l +s 2 R l C 2 L 

sCj 1 + sR l C 2 


sL + R L + s R l LC, 

2 “ 1 + sR l C 2 +s 2 LCj +sR l Cj +s 3 R l LC,C 2 


V = —-—V 

1 z 2 + r, 1 


v- - —v - ■ 

V o r, , „t v l 


Z,+sL Z 2 + R 2 Z,+sL 1 


Vj Z 2 + R 2 Z! + sL 


where 


Z 2 + R 2 


sL + R l + s R^LC 2 


sL + R l +s 2 R l LC 2 +R- +sRjR l C 2 +s 2 R i LC 1 +sRjR l Cj +s RjR l LCjC 2 

A _ Rl 

Z j + sL R L + sL + s~R l LC 2 


and 




Therefore, 


V, 

R l (sL + R l +s 2 R l LC 2 ) 

(sL + R l +s 2 R l LC 2 +R; +sRíR l C 2 +s 2 R i LC 1 + sR;R L C! 
+ s 3 R í R l LC 1 C 2 )(R l +sL + s 2 R l LC 2 ) 

where s = jco. 





where s = jco. 




Chapter 14, Solution 98. 


B = co 2 - cOj = 2n (f 2 - fj) = 2 tc (454 - 432) = 447T 
co 0 = 27i:f 0 = QB = (20)(447 t:) 


f 


o 


(20)(44ti) 

2n 


= (20)(22) = 440 Hz 



Chapter 14, Solution 99. 


X = 


1 


1 


C = 


coC 2nf C 
1 


1 


10 ' 


2nf X c (2n)(2 x 10 6 )(5 x 10 3 ) 20n 


X, = coL = 2nf L 


L = 


X, 


300 


3x10 


-4 


2nf (2n)(2 x 10 6 ) 4n 


_ 1 
0 ~ 2ttVlC 


1 


3x10 4 10 


8.165 MHz 


2k-i 


4n 20n 


B = ~ = (100) 


4n ^ 
v3 x 10' 4 J 


= 4.188 x1o 6 rad/s 



Chapter 14, Solution 100. 


co„ = 2nf„ = 


RC 


R = 


1 


1 


2ítf c C (27r)(20x 10 3 )(0.5 x 10 6 ) 


= 15.91 Q 



Chapter 14, Solution 101. 


co„ = 2nf„ = 


RC 


R = 


1 


1 


2nf C (27t)(15)(10xl0- 6 ) 


= 1.061 kQ 



Chapter 14, Solution 102. 


(a) When R s = 0 and R L = oo, we have a low-pass filter. 


co c = 2ní c 


1 

RC 


2ttRC (27t)( 4 x 10 3 )(40 x 10' 9 ) 


994.7 Hz 


(b) WeobtainR Th across the capacitor. 
R Th =R L ll(R + R s ) 

R xh = 5II (4 + 1) = 2.5 kQ 


c 27TR Th C (2 tc)( 2.5 x 10 3 )(40xl0' 9 ) 

f c = 1.59 kHz 



Chapter 14, Solution 103. 


H(co) = 



r 2 

R 2 +Ri II 1/jcoC ’ 


s = jco 


R 2 _ R 2 (Ri+1/sC) 

, Rl(VsC) R : R 2 +(Rj +R 2 )(1/sC) 
2 Rj+l/sC 


H(s) = 


R^l + sCRJ 
Rj + R, + sCR jR 2 



Chapter 14, Solution 104. 


The schematic is shown below. We click Analysis/Setup/AC Sweep and enter Total 
Points = 1001, Start Frequency = 100, and End Frequency = 100 k. After simulation, 
we obtain the magnitude plot of the response as shown. 




Frequency 





Chapter 15, Solution 1. 


(a) 

e at + e" at 
cosh(at) - ^ 

L [ cosh(at) ] - I 

2Ls-a 

1 s 

+ s + aJ s 2 -a 2 


(b) 

e at — e‘ at 

sinh(at) - 

L [ sinh(at) ] - 

2Ls-a 

1 1 a 

s + aj s 2 -a 2 




Chapter 15, Solution 2. 

(a) 

f (t) = cos(cot) cos(0) - sin(cot) sin(0) 

F(s) = cos(0) L[ cos(cot) J - sin(0) L[ sin(cot) J 


scos(0)-oosin(0) 

F(s) - 

S +GT 

(b) 

f (t) = sin(cot) cos(0) + cos(cot) sin(0) 

F(s) = sin(0) L [ cos(cot) J + cos(0) L [ sin(cot) J 


s sin(0)- cocos (0) 

F(s) - 2 2 

S + GT 



Chapter 15, Solution 3. 


(a) L[e‘ 2t cos(3t)u(t)]= (s+ S ^ 2 2 +9 

(b) L[e-si„(4t)u(t)]= (s + ^ 2+16 

(c) Since L [ cosh(at) ] = —- 7 

s —a 

L 1 e‘ 3t cosh( 2 t) u(t) ] = 


(d) 


(e) 


Since L [ sinh(at) ] = 
l_[ e 4t sinh(t)u(t) ] = 

l_[ e'* sin( 2 t) ] = 


s -a - 


(s + 4) 2 -1 


(s + 1 ) 2 +4 


If 


Thus, 


f(t) <-> F(s) 

tf (t) <- > -pF(s) 

ds 

L[ te ' 1 sin( 2 t) ] = —[2 ((s + 1) 
ds 

2 

_ ((s + 1 ) 2 +4 ) 2 


L te"' sin( 2 t) ] 


4(s + l) 

((s + 1) 2 +4) 2 


+ 4)'] 

• 2 (s + 1 ) 



Chapter 15, Solution 4. 


Design a problem to help other students better understand how to find the Laplace transform of 
different time varying functions. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Find the Laplace transforms of the foliowing: 

(a) g(t) = 6cos(4í- 1) 

(b) f(t) = 2tu(t) + 5 e 3{t -\(t - 2) 


Solution 

(a) 


G(s) = 6 


s 2 +4 2 


-e = 


6se~ s 
s 2 +16 


(b) 


F(s) = 4 + 5 e 


-2s 


s + 3 



Chapter 15, Solution 5. 


(a) l_[cos(2t + 30°) : 


(b) 

(c) 

(d) 


L[ t 2 cos(2t + 30°) = 


s cos(30°) - 2 sin(30°) 


s 2 +4 

scos(30°)-l 


ds 2 

d_ d_ 
ds ds 


s 2 +4 

"V3 ; 

—s -1 
2 




d_ 

ds 


V3 


(s 2 + 4) 1 - 2s 


V3 ; 

—s — 1 
2 


(s 2 + 4 ) : 


f(- 2 s) 2 

'S 3 

v 2 J 

2s 

í & 

l 2 . 

(8s 2 ) 

> 

rvã 3 

—s -1 

1 2 J 

(^4 

(s 2 + 4 ) 2 (s 2 + 4/ 



(8s 2 ) 


S 




-V3s-V3s + 2-V3s 
(-3V3 s + 2)(s 2 + 4) 4V3 s 3 - 8s 


s -1 


(s 2 + 4j 


L[ t 2 cos(2t + 30°) ] 


(s 2 +4 ) 3 (s 2 +4 J 

8-12Vãs-6s 2 +Vãs 2 


3t 4 e" 2t 


= 3- 


4! 


(s 2 +4)' 
72 


(s + 2) 5 (s + 2) 5 


, r d 1 2 2 

2t u(t) - 4-S(t) j = — - 4(s • 1 - 0) = ^ - 4s 


2e' (t4) u(t) = 2e 4 u(t) 


2e 


L 2e' (t ’ n u(t) : 


s + 1 


(e) 


Using the scaling property, 

L [ 5 u(t/2) 1 = 5- —— ■ — 7 — 7 — = 5 • 2 • —- = — 
L W J 1/2 s /( 1 / 2 ) 2 s s 


(f) 


L[ 6e' t/3 u(t) ]: 


18 


s +1/3 3s +1 



(g) Let f(t) = ô(t). Then, F(s) = l. 


d n 

—8(t) 
dt 

d n 

—8(t) 
dt 

d n 

—8(t) 
dt n 


= L| 

= L 

= s" 


d n 

—f(t) 
dt v 7 

d n 

—f(t) 
dt 


= s n F(s)-s n ~' f(0)-s 
= s n -1-s^ 1 -0-s^ 2 • 


n - 2 f'(0) 

0 -... 



Chapter 15, Solution 6. 


f(t) = 5t[u(t)-u(t-l)] - 5t[u(t-l)-u(t-2)] = 5[tu(t)-tu(t-l) - tu(t-l) + tu(t-2)] 
= 5[tu(t) - 2tu(t-l) + tu(t-2)] 

= 5[tu(t) - 2(t—l)u(t—1) - 2u(t-l) + (t-2)u(t-2) + 2u(t-2)] which leads to 
F(s) =5[(l/s 2 ) - (l/s 2 )e~ s - (2/s)e~ s + (l/s 2 )e“ 2s + (2/s)e~ 2s ] 



Chapter 15, Solution 7. 


2 4 

(a) F(s) = - + - 
s s 


(b) 


4 

G(s) = - + 
s 


3 

5 + 2 


(c ) H(s) = 6 


3 

s 2 +9 



8s + 18 
s 2 +9 


(d) From Problem 15.1, 
L{cosh at] = —y 


X(s) = 


s -a 

í + 2 

(s + 2) 2 -4 2 


s + 2 

5 2 +45-12 


2 4 4 3 

(a)— + —,(b) —+ —- 
s s s s+2 


, ,8s + 18 
,(c) ,(d) 

S 2 +9 ! 


s + 2 
+ 4s -12 



Chapter 15, Solution 8. 


(a) 2t=2(t-4) + 8 

f(t) = 2tu(t-4) = 2(t-4)u(t-4) + 8u(t-4) 


8 


2 8 


F( s ) = -e^+-e^= - + - 

S S \S S J 


-As 


UJ WJ 

(b) F(s ) = J f(t)e~ s 'dt =^5costS(t-2)e~ s, dt =5cos te 


t = 2 


5cos(2)e — 


(c) e~' = e~ (, - T) e- r 

f(t ) = e~ T e~ (, ~ T) u(t - r) 
e 


F(s) = e 1 e 


1 „-r(í+U 


5+1 5+1 


(d) sin 2 1 = sin[2(í-r) + 2r] = sin2(í- r)cos2r+ cos 2(t — r)sin 2r 
f(t) = cos 2r sin 2{t - r)u(t - r) + sin 2r cos 2(f - r)w(í - r) 

F(s) = cos 2re~ TS -h sin 2re~ TS —^— 

5+4 5+4 



Chapter 15, Solution 9. 


(a) 


f (t) = (t - 4) u(t - 2) = (t - 2) u(t - 2) - 2 u(t - 2) 


- 2s 2e" 2s 


s-- s- 


(b) 


g(t) = 2e~ 4t u(t -1) = 2e~ 4 e~ 4(t4) u(t -1) 

2e' s 

G(s) = 


e 4 (s + 4) 


(c) h(t) = 5cos(2t-l)u(t) 

cos(A - B) = cos(A) cos(B) + sin(A) sin(B) 
cos(2t -1) = cos(2t) cos(l) + sin(2t) sin(l) 

h(t) = 5 cos(l) cos(2t) u(t) + 5 sin(l) sin(2t) u(t) 


s 2 

H(s) = 5 cos(l) • 2 i ^ + 5 sin(l) • 


s 2 +4 

2.702s 8.415 

H(s ) = -i—r + 7i-T 


s- +4 


s+4 s+4 


(d) p(t) = 6u(t - 2)-6u(t-4) 



6 


e 


-4s 


S 



Chapter 15, Solution 10. 


(a) By taking the derivative in the time domain, 

g(t) = (-te' 1 + e' t )cos(t)-te‘ t sin(t) 
g(t) = e' 1 cos(t) -1 e _t cos(t) -1 e _t sin(t) 


G(s) = —— + + 
(s + l)-+l ds 


s + 1 


(s + l) 2 +l 


d 

+ — 
ds 


s + 1 s 2 +2s 

^ s 2 +2s + 2 (s 2 +2s + 2) 2 

s 2 (s + 2) 

(s 2 +2s + 2) 2 


(b) By applying the time differentiation property, 

G(s) = sF(s) - f (0) 
where f (t) = t e _t cos(t), f (0) = 0 


G(s) = (s) • 


-d s + 1 
ds _ (s +1) 2 +1 


s 2 (s + 2) 
(s 2 +2s + 2) 2 


1 

(s +1) 2 +1 
2s + 2 

~~ (s 2 + 2s + 2) 2 


(s)(s 2 + 2s) 
s 2 +2s + 2) 2 



Chapter 15, Solution 11. 


(a) Since L [ cosh(at) ] : 

6(s + 1) 6(s + l) 


2 2 

s -a 


F(s) = 


(s + 1) 2 - 4 s 2 +2s-3 


(b) Since L [ sinh(at) ] = 
l_[ 3e' 2t sinh(4t) ] = 


— a 
(3)(4) 


12 


(s + 2) 2 -16 s 2 + 4s -12 


F(s) = L[ t • 3e" 2t sinh(4t) ] = [ 12(s 2 + 4s -12)“' ] 

ds 


F(s) = (12)(2s + 4)(s 2 + 4s -12)’ 2 = 


24(s + 2) 
(s 2 +4s-12) 2 


(c) cosh(t) = — • (e‘ + e _t ) 

f(t) = 8e‘ 3t •|-(e t +e-‘)u(t-2) 

= 4e‘ 2t u(t - 2) + 4e" 4t u(t - 2) 

= 4e~ 4 e” 2(t ‘ 2) u(t - 2) + 4e‘ 8 e 4(t ‘ 2) u(t - 2) 


L[ 4e‘ 4 e' 2(t " 2) u(t - 2)] = 4e' 4 e' 2s • l_[ e' 2 u(t)] 
L[ 4e' 4 e' 2(t ' 2) u(t - 2)] = 


^ 0 -(2s+4) 


s + 2 


Similarly, L 4e' 8 e~ 4(t " 2) u(t - 2)] 


2|_ 0 -(2s+8) 

s + 4 


Therefore, 


F(s) = 


4 e -(2s+4) 4 e -(2s+8) 

s + 2 s + 4 


e - (2s+6) [(4e 2 +4e' 2 )s + (16e 2 +8e' 2 )] 
s 2 + 6s + 8 



Chapter 15, Solution 12. 


G(s) 


5 + 2 

(í + 2) 2 + 4 2 


5 + 2 

5 2 +45 + 20 



Chapter 15, Solution 13. 


(a) m 


-~rF(s) 

as 


If f(t) = cost, then F(s)= —-— and - — F(s)= 

s 2 +l ds 


(s / +l)(l)-s(2s) 

(s 2 +l) 2 


.£(tcost) = 


s-l 

(S 2 +1) 2 


(b) Let f(t) = e _t sin t. 
F(s) = 


1 


1 


(s + l) 2 +l s 2 +2s + 2 
dF _ (5 2 + 2s + 2)(0) - (l)(2s + 2) 
(Is (s~ + 2 s + 2y 


dF 

£(e‘tsint) =-= 


2 (s + l) 


ds (s + 2s + 2) 


(c ) 


m 


<—> 


j F(s)ds 


Let f(t) = sin J3t, then F(s) = 


P 


s 2 +J3 2 


sinpt 


= í , P , ds = p^tan~ 1 ^ 

J s s +P P P 


71 _i S _! P 

= — tan — = tan — 



Chapter 15, Solution 14. 


Taking the derivative of f(t) twice, we obtain the figures below. 
f(t) 

5f 

0 t 


1 


4 


6 ^ 


*• 


-2.5 


f’(t) 



f ’ = 58(t) - 7.5ô(t-2) + 2.5Ô(t-6) 

Taking the Laplace transform of each term, 

5 e -2s e _6s 

s 2 F(s) = 5 - 7.5e” 2s + 2.5e“ 6s or F(s) =- 7.5 — + 2.5 — 

s_s_s_ 

Pleasc note that we can obtain the same answer by representing the function as, 


f(t) = 5tu(t) - 7.5u(t-2) + 2.5u(t-6). 



Chapter 15, Solution 15. 


This is a periodic fimction with T=3. 

F,(s) 


F(s) = 


1-e 


-3s 


To get Fi(s), we consider f(t) over one period. 








fi” = 5Ô(t) —5ô(t— 1) - 5ô’(t-l) 

Taking the Laplace tran s form of each term, 

s 2 F i( s) = 5 -5e _s - 5se~ s or F i(s) = 5(1 - e -s - se _s )/s 2 


Hence, 


F(s) = 5 


1-e s - se s 
s 2 (l-e“ 3s ) 


Altematively, we can obtain the same answer by noting that fi(t) = 5tu(t) - 5tu(t-l) 
5u(t-l). 



Chapter 15, Solution 16. 


f (t) = 5 u(t) - 3 u(t -1) + 3 u(t - 3) - 5 u(t - 4) 

F(s) = -[5-3e" s +3e' 3s -5e' 4s ] 
s 



Chapter 15, Solution 17. 

Using Fig. 15.29, design a problem to help other students to better understand the 
Laplace transform of a simple, non-periodic waveshape. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 


Find the Laplace transform of f(t) shown in Fig. 15.29. 

f(t) 

▲ 

2 - 

1 I 


0 1 2 t(s) 

Figure 15.29 For Prob. 15.17. 


Solution 

Taking the derivative of f(t) gives f (t) as shown below. 

m 



f (t) = 2Ô(t) - ô(t-l) - ô(t—2) 

Taking the Laplace transform of each term, 

sF(s) = 2 - e s - e 2s which leads to 

F(s) = [2 - e“ s - e“ 2s ]/s 


We can also obtain the same answer noting that f(t) = 2u(t) - u(t-l) - u(t-2). 



Chapter 15, Solution 18. 


(a) g(t) = u(t)-u(t-l) + 2[u(t-l)-u(t-2)J + 3[u(t-2)-u(t-3)J 

= u(t) + u(t -1) + u(t - 2) - 3u(t - 3) 

G(s) = -(l + e" s +e' 2s - 3e' 3s ) 
s 

(b) h(t) = 2t [ u(t) - u(t - 1)J + 2[ u(t -1) - u(t - 3)J 

+ (8 — 2t)[ u(t — 3) — u(t — 4)j 

= 2t u(t) — 2(t — 1)u(t -1) - 2u(t -1) + 2u(t -1) - 2u(t - 3) 

- 2 (t - 3) u(t - 3) + 2 u(t - 3) + 2 (t - 4) u(t - 4) 

= 2t u(t) - 2 (t -1) u(t -1) - 2 (t - 3) u(t - 3) + 2 (t - 4) u(t - 4) 

2 2 _ 2 , 2 , 

H(s) = — (1 - e s ) - —e' 3s +—e 4s = -=-(1 -e s -e' 3s + e' 4s ) 

S" s s s 



Chapter 15, Solution 19. 


Since l_[ S(t)J = 1 and T = 2, F(s) = -- ^ 



Chapter 15, Solution 20. 


Using Fig. 15.32, design a problem to help other students to better understand the Laplace 
transform of a simple, periodic waveshape. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

The periodic function shown in Fig. 15.32 is defined over its period as 



sin n t, 0 < t < 1 
0, 1 < t < 2 


Find GO). 





0 


2 3 t 


Figure 15.32 


Solution 


Let gj(t) = sin(Tit), 0 < t < 1 


= sin(Tit) [ u(t) — u(t — 1)] 0 < t < 2 
= sin(Tit) u(t) - sin(Trt) u(t -1) 


Note that sin(7t(t -1)) = sin(7tt - n) = - sin(7tt) . 
So, gj(t) = sin(7rt)u(t) + sin(7T;(t-l))u(t-l) 


n 


G,(s) = 


s" + n 


(l + e" s ) 


G t (s) Tt(l + e' s ) 

l-e- 2s " ( s 2 +7l 2 )(i-e- 2s ) 







Chapter 15, Solution 21. 


Let 


T = 2n 


fi(t) = íl--^l[u(t)-u(t-2ji)] 

V 27V 

fj(t) = u(t)—— u(t) 4 —— (t — 2ft)u(t — 2 k) 
2n 2n 


v,, 1 1 , e' 2nS 2 tts + 

Fl(s) =- y + -^ = - 

s 2ns z 2ns z 


1 + e 


-2ks 


2ns' 


F(s) = 


F, (s) 2tcs -1 + e 


-2ns 


l-e 2ns 2 (l-e' 2ns ) 



Chapter 15, Solution 22. 


(a) Let gj(t) = 2t, 0 < t < 1 

= 2t[u(t) - u(t -1)] 

= 2t u(t) - 2 (t -1) u(t -1) + 2 u(t -1) 


0 ,( 8 ) 


2 



2 

+ -e‘ s 
s 


G(s) = 


0 ,( 8 ) 

l-e' sT ’ 


T = 1 


0 ( 8 ) = 


2(l-e' s +se~ s ) 
s 2 (l-e' s ) 


(b) Let h = h 0 + u(t), where h 0 is the periodic triangular wave. 


Let h, be h 0 within its first period, i.e. 

í 2t 0 < t < 1 
h ' (t) = U-2t 1 < t < 2 


hj(t) = 2t u(t) - 2t u(t -1) + 4u(t -1) - 2t u(t -1) - 2(t - 2)u(t - 2) 
h, (t) = 2t u(t) — 4(t — l)u(t — 1) — 2(t — 2) u(t - 2) 

2 4 2e" 2s 2 


H 0 (s) 


2 (l-e s ) 2 
s 2 (1 - e‘ 2s ) 


H(s) = —+ 
s 


2 


(l-e s ) 2 

(l-e' 2s ) 



Chapter 15, Solution 23. 


(a) Let fj(t) = 


1 0 < t < 1 

-1 1 < t < 2 


f J (t) = [ U(t) — u(t — 1)J — [ U(t - 1) - u(t - 2)J 
f 1 (t) = u(t)-2u(t-l) + u(t-2) 


F(s) = -(1- 2e‘ s +e" 2s ) = -(l-e" s ) 2 
s s 


F(s) = 
F(s) = 


Fi(s) 

(l-e‘ sT ) ’ 

(l-e s ) 2 

s(l-e' 2s ) 


T = 2 


(b) Let hj(t) = t 2 [ u(t)-u(t - 2)] = t 2 u(t) -1 2 u(t 
hj(t) = t 2 u(t) - (t - 2) 2 u(t - 2) - 4(t - 2)u(t - 2) - 


H,(s) = —r(l-e )-^-e e 
s s s 


H,(s) 

= T = 2 


H(s) 


(1-e ) 

2(l-e' 2s )-4se' 2s (s + s 2 ) 


s J (l-e' 2s ) 


2 ) 

4u(t - 2) 



Chapter 15, Solution 24. 


Design a problem to help other students to better understand how to find the initial and 
final values of a transfer function. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Given that 


F(s) = 


5+105 + 6 
5(5 +1) 2 (5 + 2) 


Evaluate f(0) and f(oo) if they exist. 

Solution 


f(0) = illm-Kn 


k) CCsC» t S -H 10 s + 

fí \ r \ r F + 6 

f ( 00 ) = hm5F(5) = hm--- 

^0 s->o (5 +1) 2 (5 + 2) 


6)/(s(s 

6 

_ (D(2) 


+ 1) T 2 (fi + 2)))J 

= 3=3 


0 





Chapter 15, Solution 25. 


(a) /(0) = limsF(s) = lim 5 ‘ y( ‘ y + 1) = n m - 5(1 + 1/ ‘ y) -= 5 

*-x»(s + 2)(s + 3) *-»»(l + 2/s)a + 3/í) “ 

/(oo) = lim = lim— ^ — = 0 

*-*> '-*>(s + 2)(5 + 3) “ 

(b) F(s) = 5( ‘ y + 1) =^- + — 

(s + 2)(s + 3) s + 2 5 + 3 


F(s) = —+ — -> f(t) = -5e~ 2t + I0e~ 3t 

s+2 5+3 


f(0) = -5 + 10 = 5 
f(oo)= -0 + 0= 0 



Chapter 15, Solution 26. 


(a) /(O) = limíF(5) = lim 


5s 3 +3s 


+4s~ +6 


Two poles are not in the left-half plane. 

f (oo) does not exist 


(b) 


/(O) = lim,vF(s) = lim 

S—> co S—> co 


s 3 -2 s 2 + s 
4(s-2)(s 2 + 2s + 4) 


= lim 

S—>00 



r 2) 

( 2 43 

í- 

1 + —+ ^- 

1 S J 

1 s s J 


0.25 


One pole is not in the left-half plane, 
f (oo) does not exist 



Chapter 15, Solution 27. 


(a) f(t) = u(t) + 2e'‘u(t) 


3(s + 4) -11 11 

(b) G(s) =---= 3- 


s + 4 


s + 4 


g(t) = 3ô(t) - lle' 4t u(t) 


(c) H(s) = 


4 _A_ B 

(s + l)(s + 3) s + 1 s + 3 
A = 2, B = -2 


h(t) = [2e _t -2e' 3t ]u(t) 


(d) 


J(s) = 


12 

(s + 2) 2 (s + 4) 


A B C 

s + 2 + (s + 2) 2 + s + 4 



C = 


12 


= 3 


12 = A(s + 2)(s + 4) + B(s + 4) + C(s + 2) 2 


Equating coefficients : 

s 2 : 0 = A + C -> A = -C = -3 

s 1 : 0 = 6A + B + 4C = 2A + B -> B = -2A = 6 

s°: 12 = 8A + 4B + 4C = -24+ 24 +12 = 12 

3 6 3 

,<S) = ^2 + fe72f + I74 


j(t) = [3e' 4t -3e' 2t +6te' 2, ]u(t) 



Chapter 15, Solution 28. 

Design a problem to help other students to better understand how to find the inverse 
Laplace transform. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 


Find the inverse Laplace transform of the foliowing functions: 

20(5 + 2) 


(a) F(s) = 


(b) P(s) = 


s(s^ +05 + 25) 

6 5 " + 305 + 20 
(5 + l)(5 + 2)(5 + 3) 


Solution 


(a) 


FW- 2 ° (J + 2) 

5 ( 5 " + 65 + 25) 


A Bs + C 

—1 —0 - 

5 5 “+ 65 + 25 


20(5 + 2) = A(s° + 65 + 255) + Bs 2 + Cs 
Equating components, 
s 2 : 0 = A + B or B= - A 

s: 20 = 6A + C 

constant: 40-25 A or A = 8/5, B = -8/5, C= 20 - 6A= 52/5 


8 52 

o -5H- 

F(s) = — + 5 , 5 , 

55 (5 + 3) 2 +4 2 


8. „ 24 52 

_ 8 ! 5 5 5 

55 (5 + 3) 2 +4 2 


J., , 8 8 _ 3 , 19 _ 3í 

f(t) = —u(t ) — e~ cos4íh - e 

5 5 5 


sin At 


(b) 


P{s) = 


6 5^ +305 + 20 
(5 + l)(5 + 2)(5 + 3) 


„ 6-36 + 20 

A =-= -5 

(-1 + 2X-1 + 3) 


B = 

C = 


24-72 + 20 
(- 1 )( 1 ) 
54-108 + 20 


A B 

-1-h 

5 + 1 5 + 2 


c 

5+3 


(-2X-1) 


17 



P(s) = 


-5 

-+ 

s + 1 


28 
5 + 2 


17 

5 + 3 


p(t) = (-5e-‘ + 28<T 2 ' -lle~ 3t )u(t) 



Chapter 15, Solution 29. 


V(s) = — + ——. 2 S 2 +8s + 26 + As 2 +Bs = 2s + 26 -> A = 
s (s + 2) 2 +3“ 

V(s) = —- 2(sj-2)_.2_3_ 

S (s + 2) 2 +3 2 3 ( s + 2) 2 +3 2 


v(t)= (2-2e 2t 


cos 3t —e 
3 


-2t 


sin 3t)u(t), t > 0 


-2 and B = -6 



Chapter 15, Solution 30. 


(a) 


6s J +85 + 3 A Bs + C 
5(5 2 + 25 + 5) 5 5 2 +25 + 5 


6 5 + 85 + 3 — A(s + 2s + 5) + Bs ” + Cs 
We equate coefficients. 
s 2 : 6 = A + B 

s: 8= 2A + C 

constant: 3=5A or A=3/5 
B=6-A = 27/5, C=8-2A = 34/5 


. 3/5 27^/5 + 34/5 3/5 27(s + l)/5 + 7/5 

F. ( 5 ) = -+ —^-=-+ — -^— 

5 5+25 + 5 5 (5 + 1)" +2 


m= 


3 27 7 

—1 - e 'cos 2 1-\ - e 'sin 2 í 

5 5 10 


u(t) 


5 2 +55 + 6 A B C 

(b) 77, (5) =---=-+-5- +- 

(5 + l) 2 (5 + 4) 5 + 1 (5 + I) 2 5 + 4 

5 2 + 55 + 6 = A(5 +1)(5 + 4) + B(s + 4) + c(5 +1) 2 

Equating coefficients, 

s 2 : 1=A+C 

s: 5=5A+B+2C 

constant: 6=4A+4B+C 
Solving these gives 

A=7/9, B= 2/3, C=2/9 


F 2 (s) = 


7/9 2/3 2/9 

-1- 7T H- 

5 + 1 (5+l)‘ 5 + 4 


m = 


— e ' + — te ' + — e 
9 3 9 


At 


u(t) 


, , r , 10 A Bs + C 

3 (5 + l)(5 2 +45 + 8) 5 + 1 5 2 +45 + 8 

10 = A(5 2 + 45 + 8) + B(s 2 + 5 ) + c(5 +1) 
s 2 : 0 = A + B or B = -A 

s: 0=4A+ B + C 

constant: 10=8A+C 

Solving these yields 



4 


F 3 (s) 


A=2, B= -2, C= -6 

2 -25-6 _ 2 2(5 + 1) 

" 5 + l + 5 2 +45 + 8 ~ 5 + 1 (5 + l) 2 +2 2 (5 + l) 2 +2 2 

f 3 (t) = (2e"‘ - 2e"*cos(2t) - 2e"‘sin(2t))u(t). 



Chapter 15, Solution 31. 


(a) 


F(s) = 


_10s_ 

(s + l)(s + 2)(s + 3) 


A B C 

s + 1 s + 2 s + 3 


A = F(s)(s + l)| s= . 1 = 
B = F(s) (s + 2)| s= . 2 = 
C = F(s) (s + 3)| s= . 3 = 


F(s) = 


-5 20 

s + 1 s + 2 


f(t) = (Se'*+20e 2t 


-10 

2 


= -5 


-20 

-1 


= 20 


-30 

2 


= -15 


15 

s + 3 

-15e' 3 ‘)u(t) 


2s 2 + 4s +1 A B C D 

F(s) — 7 " = + + “ + ~ 

(s + l)(s + 2) 3 s + 1 s + 2 (s + 2)" (s + 2) 3 

A = F(s) (s +1)| 1= _ 1 = -1 
D = F(s)(s + 2) 3 | s= _ 2 = -1 

2s 2 + 4s + l = A(s + 2)(s 2 +4s + 4) + B(s + l)(s 2 +4s + 4) 
+ C(s + l)(s + 2) + D(s +1) 


Equating coefficients : 

s 3 : 0 = A + B -> B = -A = l 

s 2 : 2 = 6A + 5B + C = A + C -> C = 2-A = 3 

s 1 : 4 = 12A + 8B + 3C + D = 4A + 3C + D 

4 = 6 + A + D -> D = -2-A = -1 

s°: 1 = 8A + 4B + 2C + D = 4A + 2C + D = -4 + 6 -1 = 1 

-113 1 

F(s) — + + — t 

s + 1 s + 2 (s + 2)" (s + 2) 3 


f(t) = -e _t +e‘ 2t +3te~ 2t -—e' 2t 

2 


f(t) = (-e-‘ + 


í 


1 + 3t 


t 


2 3 


V 


e- 2 >(t) 



Bs + C 


s + 1 A 

Ff s) =-=-+- 

(s + 2)(s 2 + 2s + 5) s + 2 s 2 +2s + 5 

A = F(s)(s + 2)| s= _ 2 =y 

s +1 = A (s 2 + 2s + 5) + B (s 2 + 2s) + C (s + 2) 

Equating coefficients : 

s 2 : 0 = A + B > B = -A = ^ 

s 1 : 1 = 2A + 2B + C = 0 + C > C = 1 

s°: 1 = 5A + 2C = -1 + 2 = 1 

-1/5 1/5-s + 1 -1/5 1/5 (s + 1) 4/5 

F(s) ~s + 2 + (s + 1) 2 +2 2 ~7+2 + (s + 1) 2 +2 2 + (s + 1) 2 +2 2 

f (t) = (-0.2e' 2t + 0.2e‘ cos(2t) + 0.4e ‘ sin(2t))u(t) 



Chapter 15, Solution 32. 


(a) 


F(s) = 


8 (s + l)(s + 3) A B C 

s(s + 2)(s + 4) s s + 2 s + 4 


A = F(s)s| s=0 = 
B = F(s)(s + 2)| 
C = F(s)(s + 4)| 


(8X3) _ 

(2)(4) 

_ (8)(-D _ 
s= - 2 (-4) 

_ (8X-1X-3) 
(-4) (-2) 


3 2 3 

F(s) = — +-+- 

s s+2 s+4 


f(t) = 3u(t) + 2e' 2 ' +3e 


■4t 


(b) F(s) = 


s 2 -2s + 4 


A B 
. +-+ - 


C 


(s + l)(s + 2) 2 s + 1 s + 2 (s + 2)- 


s 2 - 2s + 4 = A(s 2 +4s + 4) + B(s 2 +3s + 2) + C(s + 1) 


Equating coefficients : 

s 2 : 1 = A + B - > B = 1-A 

s 1 : -2 = 4A + 3B + C = 3 + A + C 

s°: 4 = 4A + 2B + C = -B - 2 -> B =-6 


A = 1-B = 7 


C = -5 - A = -12 


F(s) = 


7 6 12 

s + 1 s + 2 (s + 2) - 


f(t) = 7e-‘ -6(l + 2t)e' 2t 


(c) 


F(s) = 


s 2 +1 

(s + 3)(s 2 +4s + 5) 


A Bs + C 
s + 3 s 2 +4s + 5 


s 2 +1 = A(s 2 +4s + 5) + B(s 2 +3s) + C(s + 3) 

Equating coefficients : 

s 2 : 1 = A + B -> B = 1-A 



s 1 : 0 = 4A + 3B + C = 3 + A + C -> A + C = -3 

s°: 1 = 5A + 3C = -9 + 2A -> A = 5 

B = 1- A = -4 C = -A - 3 = -8 

5 4s + 8 5 4(s + 2) 

F(S) “s + 3~(s + 2) 2 +1“s + 3~(s + 2) 2 +1 

f(t) = 5e' 3t -4e' 2t cos(t) 



Chapter 15, Solution 33. 


6(s —1) 6 As + B C 

(a) F(s) “ S 4 -1 “(s 2 +l)(s + l)“ s 2 +l + I7T 

6 = A(s 2 +s) + B(s + l) + C(s 2 +1) 

Equating coefficients : 

s 2 : 0 = A + C - > A = -C 

s 1 : 0 = A + B -> B = -A = C 

s°: 6 = B + C = 2B -> B = 3 

A = -3, B = 3 , C = 3 

3 - 3s + 3 3 - 3s 3 

F(s) = 7 + 2 7~ = 7 + “1 7+ ~~i 7 

S + l S” + 1 S + l S" + 1 S" + 1 

f(t) = (3e‘* + 3sin(t) -3cos(t))u(t) 

s 

(b) F(s) = t— 

S +l 

f (t) = cos(t - 7i)u(t - n) 

8 A B C D 

(c) F(s) =-r = — +-+- 7 +-r 

s (s +1) 3 s s + l (s + l) 2 (s + l) 3 

A = 8, D = -8 

8 = A(s 3 +3s 2 +3s + l) + B(s 3 + 2s 2 +s) + C(s 2 +s) + Ds 

Equating coefficients : 

s 3 : 0 = A + B -> B = -A 

s 2 : 0 = 3A + 2B + C = A + C -> C = -A = B 

s 1 : 0 = 3A + B + C + D = A + D -> D =-A 

s°: A = 8, B = -8, C = -8, D = -8 

8 8 8 8 

F(s) = — ----r- --r 

S S + l (s + l) (s + l) 

f(t) = 8[l-e ‘ -te'* -0.5t 2 e ‘]u(t) 

(a) (3e _t +3sin(t)-3cos(t))u(t), (b) cos(t - rc)u(t - n), (c) 8[l-e ‘-te‘ l -0.5t 2 e‘ t ]u(t) 



Chapter 15, Solution 34. 


s 2 + 4-3 3 

(a) F(s) = 10 + —^—— = 11- 


s + 4 


s+4 


f(t) = llô(t)-1.5sin(2t) 


-2s 


(b) G(s) = 


e" s +4e 
(s + 2)(s + 4) 


Let 


1 


A B 

- + ■ 


(s + 2)(s + 4) s + 2 s + 4 


A = 1/2 


G(s) = 


B = 1/2 


1 1 
■ + ■ 


Vs + 2 s + 4/ 


A í 

+ 2e' 2s 


1 1 
■ + ■ 


Vs + 2 s + 4/ 


g(t) = 0.5[e' 2(tl) -e' 4(t ' l, ]u(t-l) + 2[e 


■2(t-2) 


-e 


s+1 ABC 

(c) Let -= — +-+- 

s(s + 3)(s + 4) s s + 3 s + 4 


A = 1/12, B = 2/3, C = - 3/4 

( 11 2/3 3/4) 

H(s) = —.- + ^— 

vl2 s s + 3 s + 4/ 


-2s 


h(t) = 


1 2 


+ _g-3(t-2) __g-4(t-2) 


V12 3 


3 
— ( 

4 


u(t - 2) 


' 4<t ' 2) ]u(t - 2) 



Chapter 15, Solution 35. 


(a) 


Let 


G(s) = 


s + 3 

(s + l)(s + 2) 


A B 

s +1 s + 2 


A = 2, B = -1 


G(s) = 


2 

s + 1 


1 

s + 2 


■> 


g(t) = 2e _t -e' 2t 


F(s) = e" 6s G(s) -> f(t) = g(t-6)u(t-6) 

f(t) = [2e- (t - 6) -e' 2,t - 6) ]u(t-6) 


(b) Let G(s) = 


1 


A B 


(s + l)(s + 4) s + 1 s + 4 


A = 1/3, B = -1/3 


G(s) = 


1 


1 


3 (s + 1) 3 (s + 4) 


g(t) = |[e'‘ -e' 4t ] 


F(s) = 4G(s)-e' 2t G(s) 

f (t) = 4 g(t) u(t) - g(t - 2) u(t - 2) 

f(t) = ^[ e -‘ -e' 4t ]u(t)-|[e- (t - 2) -e' 4(t - 2) ]u(t-2) 


(c) 


Let 


G(s) = 


s 

(s + 3)(s 2 +4) 


A Bs + C 
s + 3 s 2 +4 


A = -3/13 

s = A(s 2 +4) + B(s 2 +3s) + C(s + 3) 

Equating coefficients : 

s 2 : 0 = A + B -> B =-A 

s 1 : 1 = 3B + C 



0 = 4A + 3C 


s 


o. 


A = -3/13, B = 3/13, C = 4/13 


13G(s) = — 
s + 3 

13 g(t) = -3e' 3t 


3s + 4 

+ — ; 7 

s +4 

+ 3cos(2t) + 2sin(2t) 


F(s) = e" s G(s) 
f(t) = g(t-l)u(t-l) 

f (t) = -U- 3e- 3(tl) + 3cos(2(t -1)) + 2sin(2(t -1))] u(t -1) 



Chapter 15, Solution 36. 


(a) 


X(s) = 3 


1 

í 2 (s + 2)(s + 3) 


= 3- 


ABC D 

-1—— H-1 - > 

s s~ s + 2 5 + 3 J 


B = 1/6, C = 1/4, D = -1/9 


1 = A(s 3 +5s 2 +6s) + B(s 2 +5s + 6) + C(s 3 +3s 2 ) + D(s 3 +2s 2 ) 


Equating coefficients : 

s 3 : 0 = A + C + D 

s 2 : 0 = 5A + B + 3C + 2D = 3A + B + C 

s 1 : 0 = 6A + 5B 

s°: 1 = 6B -» B = 1/6 

A = -5/6B = -5/36 


X(s) = dí 


V 




1/4 

s + 2 


1/9 ^ 
s + 3 j 


x(t) = 


(_ s 1 ^ i 3 

— u(t) + —1 + —e' 2t —e' 3t u(t) 
^ 12 2 4 3 ) 


(b) Y{s) = 2 
A = 1. 


1 


■ = 2 


s(s + 1) 2 

C = -l 


A B C 

7 + 7+T + (5+i) 2 


1 = A(s 2 + 2s + l) + B(s 2 +s) + Cs 


Equating coefficients : 

s 2 : 0 = A + B -> B = -A 

s 1 : 0 = 2A + B + C = A + C -> C =-A 

s°: 1 = A, B = -1, C = -l 


Y(s) = 2 


1 1 


1 


5 + 1 (í + l) 2 J 


y(t) = (2 - 2e'* - 2t e'*)ü(t) 



(C) Z(s)=5 


B 


- + - 


Cs + D 


—l" ■ 7 

S 5 + 1 5” + 65 + 10 


A = 1/10, B = -1/5 


1 = A(s 3 +7s 2 +16s + 10) + B(s 3 + 6 s 2 +10s) + C(s 3 +s 2 ) + D(s 2 +s) 


Equating coefficients : 

s 3 : 0 = A + B + C 

s 2 : 0 = 7A + 6B + C + D = 6A + 5B + D 

s 1 : 0 = 16A + 10B + D = 10A + 5B > B = -2A 

s°: 1 = 10A > A = 1/10 


A = 1/10, B = -2A = -1/5, C = A = 1/10, 


D = 4A = 


10 

y 


Z(s) = 


1 

s 


2Z(s) = — 
s 


2 5 + 4 

-1—»- 

5 + 1 5^+05 + 10 

2 5 + 3 1 

5 + 1 (5 + 3 ) 2 +1 (5 + 3) 2 +l 


z(t) = 0.5 [ 1 - 2 e ' + e' 3 ‘ cos(t) + e' 3t sin(t)] u(t) 



Chapter 15, Solution 37. 


(a) 


H(s) = 


5 + 4 
5(5 + 2) 


A B 

—- 1 - 

5 5 + 2 


s+4 =A(s+2) + Bs 
Equating coefficients, 
s: 1 = A + B 

constant: 4= 2 A —* A =2, B= 1 -A = -1 


H(s)=- 

5 


1 

5 + 2 


h(t) = 2 u(t) - e- 2, u(t) = (2 - A 2 ' )u(t) 


(b) 


G(5) = 


A 

5 + 3 


+ 


Bs + C 
s~ + 25 + 2 


5 2 +45 + 5 = (Z?5 + C)(5 + 3) + A(5 7 +25 + 2) 
Equating coefficients, 
s 2 : 1= B + A (1) 

s: 4 = 3B + C + 2A (2) 

Constant: 5 =3C + 2A (3) 


Solving (1) to (3) gives 


-!• 


-!■ 


c=- 

5 


. 0.4 0.65+1.4 

G(s) = -+ 


0.4 


5 + 3 5 + 25 + 2 5 + 3 

3 1 , r\ i r 


g(t) = 0.4e ' +0.6e ' cosí+ 0.8c ' sint u(t) 


0.6(5 + !)+ 0.8 
(5 + I ) 2 +1 


(c) f(t) = e- 2(, - A) u(t- 4) 


(d) D(5) = 


10.v 

(5 2 +l)(5 2 +4) 


As + B Cs + D 
5 2 +l + 5 2 +4 


105 = (5 2 + 4)(A5 + B) + (5 2 + 1)(C5 + D) 
Equating coefficients, 
s 3 : 0 = A + C 

s 2 : 0 = B + D 

s: 10 = 4A + C 

constant: 0 = 4B+D 
Solving these leads to 
A = -10/3, B = 0, C = -10/3, D = 0 



D(s)== 


1 Q.s / 3 
s 2 +l 


10s/3 

7 + 4 


d(t) = 


— cos t -cos 2 1 u(t) 

3 3 



Chapter 15, Solution 38. 


(a) 


s 2 + 4s s 2 
F(s) “ s 2 +10s + 26 “ _ 
6s + 26 


F(s) = 1 
F(s) = 1 


s 2 +10s + 26 
6 (s + 5) 

(s + 5) 2 +1 2 ' 


+ 10s + 26- 6s - 26 
s 2 + 10s + 26 


4 

(s + 5) 2 +1 2 


f (t) = Ô(t) - 6e ‘ cos(5t) + 4e‘ sin(5t) 


(b) 


5s 2 +7s + 29 A 
s(s 2 +4s + 29) s 


Bs + C 
s 2 + 4s + 29 


5s 2 + 7s + 29 = A(s 2 +4s + 29) + Bs 2 +Cs 

Equating coefficients : 

s°: 29 = 29A -> A = 1 

s>: 7 = 4A + C -> C = 7 -4A = 3 

s 2 : 5 = A + B -> B = 5 - A = 4 

A = 1, B = 4, C = 3 

_1 4s + 3 1 4(s + 2) 5 

F *' S ' ) s + s 2 +4s + 29 s + (s + 2) 2 +5 2 (s + 2) 2 +5 2 


f (t) = u(t) + 4e" 2t cos(5t) - e' 2t sin(5t) 



Chapter 15, Solution 39. 


2s 3 +4s 2 +1 As + B Cs + D 

(a) F(s) - (s2 + 2s + 17)(s 2 + 4s + 20) “ s 2 + 2s + 17 + s 2 + 4 s + 20 

s 3 +4s 2 +1 = A(s 3 +4s 2 +20s) + B(s 2 +4s + 20) 

+ C(s 3 + 2s 2 + 17s) + D(s 2 + 2s +17) 

Equating coefficients : 
s 3 : 2 = A + C 

s 2 : 4 = 4A + B + 2C + D 

s 1 : 0 = 20A + 4B + 17C + 2D 

s°: 1 = 20B + 17D 

Solving these equations (Matlab works well with 4 unknowns), 
A = -1.6, B = -17.8 , C = 3.6, D = 21 

-l.ós-17.8 3.6S + 21 

F(S)_ s 2 + 2s + 17 + s 2 +4s + 20 

_ (-1.6XS + 1) (-4.05X4) (3.6)(s + 2) (3.45)(4) 

W (s + l) 2 +4 2 (s + l) 2 +4 2 (s + 2) 2 + 4 2 (s + 2) 2 + 4 2 


f(t) = 

[- 1.6e ‘ cos(4t) - 4.05 e‘ sin(4t) + 3.6e 2t cos(4t) + 3.45e' 2t sin(4t) ]u(t) 

s 2 +4 As + B Cs + D 

(b) F(s) ( s 2 + 9)( s 2 + 5 s + 3 ) s 2 +9 + s 2 +6s + 3 


s 2 + 4 = A(s 3 + 6s 2 + 3s) + B (s 2 + 6s + 3) + C (s 3 + 9s) + D (s 2 + 9) 


Equating coefficients : 

s 3 : 0 = A + C -> C = -A 

s 2 : 1 = 6A + B + D 

s 1 : 0 = 3A + 6B + 9C = 6B + 6C -> B = -C = A 

s°: 4 = 3B + 9D 


Solving these equations, 

A = 1/12, B = 1/12, C = -1/12, D = 5/12 


12 F(s) = 


s+1 -s+5 

s 2 +9 + s 2 +6s + 3 



s 2 + 6 s + 3 = 0 


■> 


- 6 + a/36 -12 
2 


= -0.551,-5.449 


- s + 5 E F 

Let G(s) = —--=-+- 

w s 2 + 6 s + 3 s + 0.551 s + 5.449 


E = 

-s + 5 | 

s + 5.449 U=-°-55i 


F = 

-s + 5 I 

s + 0.551 s= " 5 ' 449 



= 1.133 
= -2.133 


G(s) = 


1.133 
s +0.551 


2.133 
s +5.449 


s 1 3 1.133 2.133 

12 F(s) - S 2+3 2 + 3 ' s 2 +3 2 + s+ 0.551 _ s +5.449 


f(t) = 

[ 0.08333cos(3t) + 0.02778sin(3t) + 0.0944e 05Slt - 0.1778e' 5 - 449t ]u(t) 



Chapter 15, Solution 40. 


4s 2 +7s + 13 _ A Bs + C 

(s + 2)(s 2 + 2s + 5)J s + 2 s 2 + 2s + 5 

4s 2 + 7s +13 = A(s 2 + 2s + 5) + B(s 2 + 2s) + C(s + 2) 

Equating coefficients gives: 
s 2 : 4 = A + B 

s : 7 = 2A + 2B + C 

constant: 13 = 5A + 2C 


C = -l 

5A = 15 or A = 3. B = 1 


Let H(s) = 


, 3 s-1 

H(s) =-+ ——- 

s + 2 $“+28 + 5 


3 f (s + 1) - 2 

s + 2 (s + 1) 2 +2 2 


Hence, 


h(t) = 3e 2t +e l cos2t-e t sin2t = 3e 2t +e t (Acosacos2t - Asinasin2t) 
where Acosa = l, Asina = l -> A = V2, a = 45° 

Thus, 


h(t) = k/2e“‘ cos(2t + 45°) + 3e' 2t 


(t) 



Chapter 15, Solution 41. 


We fold x(t) and slide on y(t). For t<0, no overlapping as shown below. x(t) =0. 


yU) 



For 0 < t < 2, there is overlapping, as shown below. 


yW 



t 

z(t) = \(2)(4)dt = St 
o 

For 2 < t < 6, the two functions overlap, as shown below. 


2 í 

z(t) = J (2)(4 )dÁ + J (2)(-4 )dÀ = 16-8 1 
0 0 

For 6<t<8, they overlap as shown below. 


y(2) 



2 6 t 

z(t)= | (2)(4)J2 + J(2)(-4)J2 + J(2)(4)J2 = 8/l 

t —6 2 6 


2 

t - 6 


-82 


6 t 

+ 82 
2 6 


-16 


For 8< t <12, they overlap as shown below. 




1 


Chapter 15, Solution 42. 

Design a problem to help other students to better understand how to convolve two 
functions together. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Suppose that f(t) = u(t) - u(t-2). Determine f(t)*f(t). 

Solution 

For 0<t<2, the signals overlap as shown below. 




1 









t-2 

) t 

2 

X 


y(t)=m*m=\m)dÁ=t 

o 

For 2 < t< 4, they overlap as shown below. 


1 









b t-2 

2 t X 


2 

y(t)= í m)dÀ = t 

t-2 


2 

t-2 


4 -t 


Thus, 
















2 


y(t) = ■{ 4 


0<t<2 

-t, 2<t<4 

), otherwise 



Chapter 15, Solution 43. 


(a) For 0 < t < 1, x(t - X) and h(A.) overlap as shown in Fig. (a). 



(a) (b) 

For 1 < t < 2, x(t - X) and h(À) overlap as shown in Fig. (b). 

Ti r ^ | 

y(t) = J, , (1)(X) + J‘ (1)(1) dX = — IU + x|; = y t 2 + 2t-1 


For t > 2, there is a complete overlap so that 

y(t) = J‘ i (1)(1) dX = x|;_ 1 = t — (t — 1) = 1 



0 < t < 1 

1 < t < 2 
t > 2 

otherwise 


(b) 


For t > 0, the two functions overlap as shown in Fig. (c). 
y(t) = x(t) * h(t) = (1) 2 e' À dX = -2e' x | * 



Therefore, 

y(t)=2(l-e- t ), t > 0 





(c) For -1 < t < 0, x(t — A.) and h(À-) overlap as shown in Fig. (d). 

y(t) = X(t) * h(t) = í o t+1 Q)(k) dk = y |ó +1 = |(t +1) 2 



For 0 < t < 1, x(t - X) and h(À) overlap as shown in Fig. (e). 




For 1 < t < 2, x(t - X) and h(A.) overlap as shown in Fig. (f). 
y(t) = f (l)(X)<R + f(l)(2-X)<a 


k 


t-1 

2 


k 


y(t) - ~ t-i + _ ^ r - o t_ + 1 + o 



(f) 











For 2 < t < 3 , x(t - X) and h(A.) overlap as shown in Fig. (g). 



(t 2 / 2) +1 +1/2, -l<t<0 

- (t 2 /2) +1 +1/2, 0 < t < 2 

(t 2 /2) — 3t + 9/2, 2 < t < 3 

0, otherwise 





Chapter 15, Solution 44. 


(a) 


For 0 < t < 1, x(t - X) and h(A.) overlap as shown in Fig. (a). 
y(t) = x(t) * h(t) = J o (1)(1) dX = t 



For 1 < t < 2, x(t - X) and h(X) overlap as shown in Fig. (b). 

y(t) = (1)(1) dX + (-1)(1) dX = x\ U - x|; = 3 - 2t 

For 2 < t < 3 , x(t - X) and h(À) overlap as shown in Fig. (c). 
y(t) = í t 2 _ 1 (1)(- 1) dA. = -A. | t 2 _ x = t - 3 






t- 

1 1 


t 






0 

-1 


X 


(b) 



Therefore, 


y(t) = 


t, 

3-2t, 

t-3, 

0 , 


0 < t < 1 

1 < t < 2 

2 < t < 3 
otherwise 






(b) For t 2, there is no overlap. For 2 ^ t ^ 3 9 fj(t ând ovcrlâp, 
as shown in Fig. (d). 


y(t) = f 1 (t)*f 2 (t) = J‘(l)(t-X) dX 

= íu-^lV = + ? 



(d) 



For 3 < t < 5 , fj(t - X) and f,(A,) overlap as shown in Fig. (e). 

y(t)=í t (l)(t - X) dX = íxt-^l|U=^ 

V 2 / 2 

For 5 < t < 6 , the functions overlap as shown in Fig. (f). 

y(t) = f, (l)(t -X)áX = (kt -yj| U = j t 2 +.5C -12 



(f) 







Therefore, 


y(t) = 


' (t 2 /2)-2t + 2, 2 < t < 3 

1/2, 3 < t < 5 

- (t 2 /2) + 5t -12, 5 < t < 6 

0, otherwise 



Chapter 15, Solution 45. 


y(t) = h(t) * x(t) = [4e 2, u(t)^*[ô(t)-2e 2 'w(í)] 

t 

= 4e^ 2, u(t) *ô(t)~ 4e 2t u(t) * 2e 2, u{t) = 4 e~ 2 'u(t) - 8e~ 2 ' J e°clÀ 

o 

= 4 e 2 'u(t) - 8te 2 'u(t ) 



Chapter 15, Solution 46. 


(a) x(t)*y(t ) = 2S(t)*4u(t ) = 8 u(t) 

(b) x(t)*z(t) = 2S(t)*e~ 2 'u(t) = 2 e 2 'u(t) 

t A -2Ã f 

(c ) y(t)*z(t) = 4u(t)*e 2, u(t) = 4Íe 2Ã dÁ =- =2(l-e 2 ') 

o " 2 0 

(d) y(0*[y(0 + z(0] = 4u(t) *[4 u(t) + e~ 2l u(t)] = 4j[4 u(Ã) + e 2À u(Â)]dÀ 

1 ~ 2À t 

= 4^[4 + e- 2À ]dÁ = 4[4t + -—] = 16í-2e~ 2f + 2 

o -2 0 



Chapter 15, Solution 47. 


A B 

- + - 


(a) H(s) = - 

(s + l)(s + 2) 5 + 1 s + 2 

s=A(s+2) + B(s+1) 

We equate the coefficients. 

s: 1= A+B 

constant: 0 =2A +B 


Solving these, A = -1, B= 2. 


H(s) = — + 2 


(b) H(s) = 
Y(s) = 


5+1 5+2 

h(t) = (-e-' +2e~ 2t )u(t) 
Y (5) 


X(s) 

1 


(5 +1)(5 + 2) 5 + 1 5 + 2 


» Y(s) = H(s)X(s) = 


C D 

- + - 


C=1 and D=- 1 so that 
1 1 


Y(s) = 


5+1 5+2 


5 1 

(5 + 1)(5 + 2) 5 





Chapter 15, Solution 48. 


(a) 


Let G(s) = 


s 2 + 2s + 5 


g(t) = e _t sin(2t) 
F(s) = G(s)G(s) 


2 

(s +1) 2 + 2 2 


f (t) = L 1 [ G(s) G(s)] = g(A) g(t - A,) dX 
f (t) = f e" x sin(2A,) e (t ^ sin(2(t - X)) dX 


sin(A) sin(B) = — [ cos(A - B) - cos(A + B)] 


f(t) = —e _t J o e ’ X [ cos(2t) - cos(2(t - 2A,))] dA, 

f(t) = — cos(2t)| ( e 2X dA,- — | o e' 2X cos(2t-4X)dA, 

0-t ^-2A, q -t « 

f (t) = — cos(2t) —— | ( l ) - — J () e' 2À [ cos(2t)cos(4A,) + sin(2t)sin(4A,)] dA, 

1 e _t ft 

f(t) = — e ' cos(2t)(-e‘ 2t +1)-—cos(2t)J Q e' 2À cos(4A,) dA, 

- — sin(2t)| o e‘ 2À sin(4A,) dA, 


f(t) = ^e t cos(2t)(l-e‘ 2t ) 


- ycos(2t) 


- ysin(2t) 


-2X, 


. 4 + 16 

e -2x 

4 + 16 


(- 2cos(4X) - 4 sin(4A,)) |ò 
(- 2sin(4A) + 4cos(4X)) 



0-1 0 -Jl 0 "l 0 "Jl 

f(t) = —cos(2t)-—-cos(2t)-—cos(2t) + ——cos(2t)cos(4t) 

Â. t 1 mU ZáV) 

e' 3t e _t 

+ ^-cos(2t)sin(4t) + —sin(2t) 

e * e 1 

+ — sin(2t)sin(4t) - — sin(2t)cos(4t) 

(b) Let X ( S ) = _ “T> Y (s) = ~T 

s+1 s+4 

x(t) = 2e ' u(t), y(t) = cos(2t)u(t) 

F(s) = X(s) Y(s) 

f (t) = L- 1 [ X(s) Y(s)] = x(t - X) dX 
f (t) = Jj cos(2A,) • 2e" (t_X) dl 

f(t) = 2e" ( • (cos(2A,) + 2 sin(2A,)| q 

f (t) = — e _t [ e‘ (cos(2t) + 2 sin(2t) -1) ] 

2 4 2 

f (t) = —cos(2t) + —sin(2t) - —e‘‘ 



Chapter 15, Solution 49. 

(a) t*e at u(t) = 


fV(t-X)dX = t 

JO 




a 


nX 

-—(aX -1) 

a 2 


0 


-(e at -l)-4-^-(at-l)u(t) 
a a a 


t t 

(b) cost*costu(t) = J cosÁcos(t-A)dÁ =|{cosícos/lcos/l + sinfsin/lcos/l}d/l 

0 0 


t 1 t 


1 r , sin2/L 

í . COS Á 

cosn — [1 + cos2/11 dÁ + sinn cosÂd(-cosÂ) 

= 

— cos/f/t + - 1 

-sin t - 

J 9 J 

o o J 


2 2 

0 2 


=[ 0.5cos(t)(t+0.5sin(2t)) - 0.5sin(t)(cos(t) - l)]u(t). 
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Take the Laplace transform of each term. 

[ s 2 V(s) - s v(0) - v'(0)] + l[ s V(s) - v(0)] +10 V(s) = 

s 2 V(s) - s + 2 + 2s V(s) - 2 +10 V(s) = 

. 3s s 3 +7s 

(s 2 + 2s + 10) V(s) = s + ~r~r = ~ 2 ~V 

s" + 4 s + 4 

s 3 +7s As + B Cs + D 

VYs) =-=-+- 

(s 2 +4)(s 2 +2s + 10) s 2 + 4 s 2 + 2s + 10 


s 3 +7s = A(s 3 +2s 2 +10s) + B(s 2 +2s + 10) + C(s 3 +4s) + D(s 2 +4) 


Equating coefficients : 

s 3 : 1 = A + C -> C = 1-A 

s 2 : 0 = 2A + B + D 

s 1 : 7 = 10A + 2B + 4C = 6A + 2B + 4 

s° : 0 = 10B + 4D -> D = -2.5B 


Solving these equations yields 





D = 


-30 

26 


V(s) = 


V(s) = 


J_ 

26 

1 

26 


9s + 12 17s-30 

s 2 +4 + s 2 + 2s + 10_ 


9s 

s 2 +4 


+ 6 - 


2 

s 2 +4 


+ 17- 


s + 1 

(s + 1) 2 +3 2 


47 

(s + 1) 2 +3 2 


v(t) = ^cos(2t) + ^sin(2t) + ‘ cos(3t) - ^e ‘ sin(3t) 



Chapter 15, Solution 51. 


Taking the Laplace transform of the differential equation yields 

s 2 V(s) - sv(0) - v' (0) + 5[s V(s) - v(0)]] + 6 V(s) = — 

s + 1 

10 \t/ \ 2s 2 +16s + 24 

- - > V(s) =- 

s + 1 (s + l)(s + 2)(s + 3) 

Let V(s) = — + -^- + —, A = 5, B = 0, C =-3 
s + 1 s + 2 s + 3 

Hence, 

v(t)= (5e _t -3e“ 3t ) u(t). 


or Is +5s + 6lV(s)-2s-4-10 = 



Chapter 15, Solution 52. 


Take the Laplace transform of each term. 

[ s 2 1(s) - s i(0) - i'(0)] + 3[ s I(s) - i(0)] + 21(s) +1 = 0 
(s 2 +3s + 2)I(s)-s-3-3 + l = 0 


I(s) = 


s + 5 

(s + l)(s + 2) 


A B 

s +1 s + 2 


A = 4, B = -3 


I(s) = 


4 

s + 1 


3 

s + 2 


i(t) = (4e * -3e' 2t )u(t) 



Chapter 15, Solution 53. 


Transform each term. 


We begin by noting that the integral term can be rewritten as, 


J o x(A,)e (t " / '^dX which is convolution and can be written as e l *x(t). 


Now, transforming each term produces, 

''s + l-O 


X(s) = —— + —!—X(s) 
s 2 +l s + 1 


V 


s + 1 


X(s) = 


J 


s 2 +l 


X(s) = 


s + 1 


s 1 

- + ■ 


s 2 +l s 2 +l s 2 +l 


x(t) = cos(t) + sin(t). 

If partial fraction expansion is used we obtain, 

x(t) = 1.4142cos(t-45°). 

This is the same answer and can be proven by using trigonometric identities. 



Chapter 15, Solution 54. 


Design a problem to help other students to better understand solving second order 
differential equations with a time varying input. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 


Using Laplace transform, solve the foliowing differential equation for t >0 


d 2 i . di 

— 7 + 4 — 

dt dt 


+ 5i = 2e~ 2 ' 


subject to i(0)=0, i’(0)=2. 

Solution 


Taking the Laplace transform of each term gives 

[s 2 I(s) - si( 0) - i '(0)] + 4[sl(s) - m] + 51(s) = 
[s 2 /(5)-0-2] + 4[5/(5)-0] + 5/(5) = -^ 

I(s)(s 2 + 4s + 5) = + 2 = 

s+2 s+2 

2s + 6 A Bs + C 

I {S) = - õ - = - 1 y - 

(s + 2)(s 2 +4s + 5) s + 2 s 2 +4s + 5 

2s + 6 = A(s 2 + 4s + 5) + B(s 2 + 2 s) +C(s + 2) 

We equate the coefficients. 

s 2 : 0 = A+ B 
s: 2= 4A + 2B + C 
constant: 6 = 5A + 2C 


Solving these gives 

A = 2, B= -2, C = -2 


I(s) = 


2 

s + 2 


2 s + 2 
5 2 +4í+ 5 


2 2(5 + 2) 2 

7+2 (5 + 2) 2 +l + (5 + 2) 2 +l 



Taking the inverse Laplace transform leads to: 


i(t) = [le 2t -2e 21 cosí + 2e 21 siní)w(í) = 2e 2 '(l-cosí + sint)u(t) 



Chapter 15, Solution 55. 


Take the Laplace transform of each term. 


[ s 3 Y(s) - s 2 y(0) - s y'(0) - y"(0)] + ó[ s 2 Y(s) - s y(0) - y'(0)] 

s + 1 


+ 8[sY(s)-y(0)] = 


(s + 1) 2 +2 2 


Setting the initial conditions to zero gives 

s + 1 


(s + 6s~ +8s) Y(s) = 


s 2 +2s + 5 


Y(s) = 


(s + 1) 


A B C Ds + E 
■ = — + - +-- + ■ 


s(s + 2)(s + 4)(s 2 +2s + 5) s s + 2 s + 4 s 2 +2s + 5 


1 1 -3-3 -7 

A = —, B = —, C =-, D = —, E = — 

40 20 104’ 65 65 


1 1 1 

Y(s) = — •- + — 


1 


1 1 


3s + 7 


40 s 20 s + 2 104 s + 4 65 (s + l) 2 +2 2 


111 1 

Y(s) = — •- + — 

v / a r\ r\ 


1 1 


3 (s + 1) 


1 


40 s 20 s + 2 104 s + 4 65 (s + l) 2 +2 2 65 (s + l) 2 +2 2 


y(t) = 


J_ J_ a _ 3 _ 4t 3 _ t — 2 

40 20 


3 


e' 4t - —e _t cos(2t) - —e ‘ sin(2t) 
104 65 65 j 


u(t) 



Chapter 15, Solution 56. 


Taking the Laplace transform of each term we get: 

4[sV(s)-v(0)] + — V(s) = 0 
s 

r 121 

4s + —JV(s) = 8 

8s 2s 

V(s)= 4s 2 +12 = ^73 

v(t) = 2cos( V3t) 



Chapter 15, Solution 57. 


Although there is no correct way to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Solve the following integrodifferential equation using the Laplace transform 
method: 


dy{t) + ^r = cos 2t, y(0) = l 
dt Jo ' 


Solution 


Take the Laplace transform of each term. 
[sY(s)-y(0)] + -Y(s) = 


s 2 +9 
V s J 


Y(s) = 1 + 


s 2 +4 


s 2 +s + 4 


s 2 + 4 s 2 + 4 


s 3 +s 2 +4s As + B Cs + D 

Y(s) = -=-+- 

(s 2 + 4)(s 2 +9) s 2 + 4 s 2 +9 

s 3 +s 2 +4s = A(s 3 +9s) + B(s 2 +9) + C(s 3 +4s) + D(s 2 +4) 

Equating coefficients : 


s°: 

0 = 9B + 4D 

s 1 : 

4 = 9A + 4C 

s 2 : 

1 = B + D 

s 3 : 

1 = A + C 


Solving these equations gives 

A = 0, B = - 4/5, C = 1, D = 9/5 

-4/5 s + 9/5 -4/5 s 9/5 

Y(s) = —r~~ + , = + + 

s“+4 s“+9 s +4 s +9 s +9 


y(t) = [ - 0.4sin(2t) + cos(3t) + 0.6sin(3t) ]u(t) 



Chapter 15, Solution 58. 

We take the Laplace transform of each term. 


[sV(s) - v(0)] + 2 V(s) + -V(s) = - 

s s 

[sV(s) + l] + 2V(s) + -V(s)=- ■ 

s s 


V( S ) = 


4-5 


s + 2 s + 5 


_ -(5 + 1) + 5 _ -(5 + 1) 5 / 2 

(5 + 1 ) 2 + 2 2 (5 + I ) 2 +2 2 / 2(5 + l) 2 +2 2 


v(t) = (-e ' cos 2 1 + 2.5e ' sin 2 t)u{t) 



Chapter 15, Solution 59. 


Take the Laplace transform of each term of the integrodifferential equation. 



6 

s + 2 


(s 2 +4s + 3) Y(s) = s 


Vs + 2 l J 


Y(s) = 


s(4-s) 

(s + 2)(s 2 +4s + 3) 


(4-s)s 

(s + l)(s + 2)(s + 3) 


Y(s) = 


ABC 

s + 1 s + 2 s + 3 


A = -2.5, B = 12, C = -10.5 


Y(s) = 


-2.5 

-+ 

s + 1 


12 

s + 2 


10.5 

s + 3 


y(t) = f-2.5e”‘ + 12e“ 2t - 10.5e“ 3t ]u(t) 



Chapter 15, Solution 60. 

Take the Laplace transform of each term of the integrodifferential equation. 


2[ sX(s)-x(0)] + 5X(s) + -X(s) + - = . 

s s s +16 


(2s 2 + 5s + 3) X(s) = 2s - 4 + 


4s 2s 3 -4s 2 +36s-64 
s 2 +16 “ s 2 +16 


2s 3 -4s 2 +36s-64 
(2s 2 +5s + 3)(s 2 +16) 


s 3 - 2s 2 +18s — 32 
(s + l)(s + 1.5)(s 2 +16) 


A B Cs + D 

X(s) = I7I + ^7l5 + +7T6 

A = (s + l)X(s)| s= . 1 =-6.235 
B = (s + 1.5)X(s)L 15 =7.329 


When s = 0, 


-32 B D 

-= A + — + — 

(1.5)(16) 1.5 16 


> D = 0.2579 


s 3 - 2s 2 + 18s - 32 = A(s 3 + 1.5s 2 + 16s + 24) + B(s 3 + s 2 + 16s +16) 
+ C(s 3 +2.5s 2 +1.5s) + D(s 2 + 2.5s + 1.5) 

Equating coefficients of the s 3 terms, 

1 = A + B + C - > C = -0.0935 

-6.235 7.329 -0.0935s +0.2579 

X(s) =-+-+-;- 

s + 1 s + 1.5 s"+16 


x(t)= -6.235e ‘ +7.329e 15 * - 0.0935cos(4t) + 0.0645sin(4t) 



Chapter 16, Solution 61. 


Solve the following differential equations subject to the specified initial 
conditions 

(a) d 2 v/dt 2 + 4v = 12, v(0) = 0, dv{0)/dt = 2 

(b) d 2 i/dl 2 + 5di/dt + 4i = 8, /(O) = -1, di(0)/dt = 0 

(c) Svklt 2 + Idv/dt + v = 3, v(0) = 5, dv(0)/dt = 1 

(d) d 2 i/dr + 2 di/dt + 5 i = 10, /(O) = 4, di(0)/dt = -2 

Solution 


8.29 


(a) Converting into the s-domain we get 

s 2 V(s)-sv(0~)-v’(0~)+4V(s) = 12/s = s 2 V(s)-sO-2+4V(s) or 
(s 2 +4)V(s) = 2+12/s = 2(s+6)/s or V(s) = 2(s+6)/[s(s+j2)(s-j2)] 

= [A/s] + [B/(s+j2)] + [C/(s-j2)] where A = 12/4 = 3, B = 2(-j2+6)/[-j2(-j4)] 
= 2(6.325Z-18.43°)/(8Z180 o ) = 1.5812Z161.57 0 and C 
= s(J2+6)/[j2(j4)] = 2(6.325Z18.43°)/(8Z180°) = 1.5812Z-161.57 0 

v(t) = [3+1.5812e 16L5 V j2t +l. 5812e" 161 ' 57 e' 2t ]u(t) volts 

= [3+3.162cos(2t-161.12°)]u(t) volts. 


(b) Converting into the s-domain we get 

s 2 I(s)-si(0>i’(0")+5sI(s)-5i(0")+4I(s) = 8/s 
= s 2 I(s)-s(-1)-0+5sI(s)-5(-1)+4I(s) or 
(s 2 +5s+4)I(s) = (-s-5) + 8/s = -(s 2 +5s-8)/s 

I(s) = -(s 2 +5s-8)/[s(s+1)(s+4)] = [A/s] + [B/(s+l)] + [C/(s+4)] where 
A = 8/[(l)(4)] = 2; B = -[(-l) 2 +5(-l)-8]/[(-l)(-l+4)] = 12/(-3) = -4; 
C = -[(-4) 2 +5(-4)-8]/[(-4)(-4+1)] = 12/(12) = 1 therefore 

i(t) = [2-4e _t +e _4t ]u(t) amps. 


(c) s 2 V(s)-sv(0")-v’(0>2sV(s)-2v(0“)+V(s) = 3/s 

= s 2 V(s)-s5-1+2sV(s)-2x5+V(s) = (s 2 +2s+l)V(s) - (5s+ll) or 

(s 2 +2s+1)V(s) = (5s+l 1) + 3/s = (5 s 2 +11s+3)/s or 

V(s) = (5s 2 +11s+3)/[s(s+1) 2 ] = [A/s] + [B/(s+l)] + [C/(s+l) 2 ] where 

A = 3; C = [5(-l) 2 +l l(-l)+3]/(-l) = (-3)/(-l) = 3; going back to the original 

and eliminating the denominators we get 5s“+lls+3 = 3(s“+2s+l)+Bs“+Bs+3s or 

B = 2, thus, 

v(t) = [3+2e _t +3te _t ]u(t) volts. 



(d) s 2 I(s)-si(0>i’(0“)+2sI(s)-2i(0“)+5I(s) = 10/s 

= s 2 I(s)-s(4)-(-2)+2sI(s)-2(4)+5I(s) or 

(s 2 +2s+5)I(s) - (4s-2+8) = 10/s or (s 2 +2s+5)I(s) = (4s 2 +6s+10)/s or 

I(s) = (4s 2 +6s+10)/[s(s+l+j2)(s+l-j2)] = [A/s] + [B/(s+l+j2)] + [C/(s+l-j2)] 
where A = 10/5 = 2; B = [4(-l-j2) 2 +6(-l-j2)+10]/[(-l-j2)(-j4)] 

= [4( 1 +j 4—4)—6—j 12+10]/[-8+j4] = [-12+jl6-6-jl2+10]/(8.944Z153.43°) 

= [-8+j4]/(8.944Z 153.43°) = 1; C = [4(-l+j2) 2 +6(-l+j2)+10]/[(-l+j2)(j4)] 

= [4(1—j4—4)—6+j 12+10]/[—8—j4] = [-12-jl6-6+jl2+10]/(8.944Z-153.43°) 

= [-8-j4]/(8.944Z 153.43°) = 1 thus 

i(t) = [2+c c j2l + e~e j2t ]u(t) amps = [2+2e _t cos(2t)]u(t) amps. 


(a) [3+3.162cos(2t-161.12°)]u(t) volts, (b) [2-4e“ t +e" 4t ]u(t) amps, 
(c) [3+2e -t +3te -t ]u(t) volts, (d) [2+2e _t cos(2t)]u(t) amps 



Chapterló, Solution 1. 


The current in an RLC circuit is described by 


d 2 i ir .di ... . 

—- + 10— + 25i = 0 
dr dt 


If i(0) = 2 and di(0)/dt = 0, find i(t) for í > 0. 

Solution 

Step 1. Transform the equation into the s-domain and solve for I(s). 

s 2 I(s) - (di(0 )/dt) - si (O") + 10sl(s) - 10i(0“) +25 I(s) = 0 
(s 2 +10s+25)I(s) + [— (di(0 _ )/dt)—si(0 - )— 1Oi(CT)] = 0 
(s 2 +10s+25)I(s) + [-2s-20] = 0 or (s 2 +10s+25)I(s) = 2(s+10) or 
I(s) = 2(s+10)/ (s 2 +10s+25) 


Step 2. Perform a partial fraction expansion and then solve for i(t) in the time 

domain. 

2 „ , -10±Vl0-10 

s“ + 10s + 25 = 0, thus si ,2 = --- = -5, repeated roots. 

I(s) = 2(s+10)/(s+5) 2 = A/(s+5) + B/(s+5) 2 = (As+A5+B)/(s+5) 2 or 

A = 2 and 5A+B = 20 or B = 20 - 10 = 10 or 

I(s) = 2/(s+5) + 10/(s+5) 2 or 

i(t) = [(2+10t)e _st ]u(t) A 



Chapter 16, Solution 2. 


The differential equation that describes the voltage in an RLC network is 

d 2 v , dv . . 

— r + 5— + 4v = 0 
dt dt 

Given that v(0) = 0, dv(0)/dt = 5, obtain v(t). 


Solution 

Step 1. Transform the equation into the s-domain and solve for V(s). 

s 2 V(s) - (dv(0“)/dt) - sv(0“) + 5sV(s) - 5v(0“) +4V(s) = 0 or 
(s 2 + 5s +4)V(s) - 5 = 0 or V(s) = 5/(s 2 +5s+4) 

Step 2. Perform a partial fraction expansion of V(s) and then solve for v(t). 

2 . — 5 ± V25 —16 

s +5s + 4 = 0, thus S 12 = - = -4, -1. 

2 

Thus, V(s) = 5/[(s+l)(s+4)] = A/(s+l) + B/(s+4) where A = 5/3 and B = -5/3 
Thus, 


v(t) = [(5/3)e”‘ - (5/3)e” 4t ]u(t) V 



Chapter 16, Solution 3. 


The natural response of an RLC circuit is described by the differential equation 



+ 2 —+ v-0 
dt 


for which the initial conditions are v(0) = 20 V and dv(0)/dt = 0. Solve for v(t). 

Solution 


Step 1. Transform the equation into the s-domain and solve for v(t). 


s 2 V(s) - (dv(0 )/dt) - sv(0 ) + 2sV(s) - 2v(0 ) + V(s) = 0 or 

(s 2 +2s+1)V(s) - 20s - 40 = 0 or V(s) = 20(s+2)/(s 2 +2s+l) 

Step 2. Perform a partial fraction expansion and solve for V(s). Inverse transform 

into the time-domain and solve for v(t). 

2 -2±V4-4 

s + 2s + 1 = 0, thus s i ,2 = --- = -1, repeatedroots. 

V(s) = 20(s+2)/(s 2 +2s+1) = 20(s+2)/(s+l) 2 = A/(s+l) + B/(s+l) 2 

As+A+B = 20s+40 or A = 20 and A+B = 40 = 20 + B or B = 40 - 20 = 20 

Thus, 


v(t) = [(20 + 20t)e' f ]u(t) V 



Chapter 16, Solution 4. 


If R = 20 Q, L = 0.6 H, what value of C will make an RLC series circuit: 

(a) overdamped, 

(b) critically damped, 

(c) underdamped? 

Solution 


Step 1. Since we are working with a series RLC circuit, we can express our values 

in terms of I(s) and the s equation that multiplies it in the s-domain. From here 
we can easily find the values that produce over damped, critically damped, and 
underdamped conditions. 

Equating the mesh equation we get, RI(s) + Lsl(s) + (l/C)I(s)/s - V(s) = 0 or 
(0.6s + 20 + l/(Cs))I(s) = V(s) or [s 2 +(20/0.6)+(l/(0.6Cs)]I(s) = V(s)/0.6 or 
[s s +(20/0.6)s+l/(0.6C)]I(s) = sV(s)/0.6 


The roots for the denominator are s 1,2 = 


- (20/0.6) ± 400/0.36) - 4/(0.6C) 


Step 2. To find the values of our roots that produces overdamped, critically 

damped, and underdamped conditions, we note that when s 1 and S 2 values that 
produces these values, 

overdamped is when Si and S 2 are real with no complex values 
critically damped is when Sj = S 2 

underdamped is when both Si and S 2 have complex roots and Si = S 2 
Now all we need to do is to solve for these conditions. 


(a) Overdamped is when [4/(0.6C)] is less than 400/0.36 or C > 
4x0.36/(400x0.6) = 6x10' 3 , or C > 6 mF 

(b) Critically damped is when [4/(0.6C)] is equal to 400/0.36 or C = 
4x0.36/(400x0.6) = 6xl0' 3 = 6 mF 

(c) Underdamped is when [4/(0.6C)] is greater than 400/0.36 or C < 
4x0.36/(400x0.6) = 6xl0‘ a orC < 6mF 



Chapter 16, Solution 5. 


The responses of a series RLC circuit are 

v c (t) = [30 - 10A 20t + 30A IOt Ju(t) V 
i L (t) = [40e~ 20t - 60e' 10t ]u(t) mA 

where vc(t) and i L (t) are the capacitor voltage and inductor current, respectively. 
Determine the values of R , L, and C. 


Solution 

Step 1. We can start with the generalized mesh equation for a series RLC 

network. We can lump the initial conditions (vc(0) = 30-10+30 = 50 volts and 
Íl(0) = 40-60 = 20 amps) with the source in the loop since all we are currently 
after are the values of R, L, and C. 

RI(s) + Ls(I(s)+20/s) + (l/C)I(s)/s - 50/s - V(s) = 0 or [s 2 + (R/L)s + l/(LC)]I(s) 
= (V(s)/L) - 20 + 50/(Ls) 

Step 2. The values of R, L, and C will come from the roots of the denominator s 

equation. We already know that they are equal to -10 and -20. We note 
however, that this will give us only two equations. Obviously we need a third, 
and that will come from knowing the current through the capacitor and the 
voltage acros s it. 


-(R/L)±V(R/L) 2 -4/(LC) 

s 12 = --- = -10,-20 

2 

We can simplify our effort by noting that Si + S 2 = -R/L[(l/2)+(l/2)] = -30 or R 
= 30L. 

2 a /(R/L) 2 -4/(LC) 

Next, si — s 2 = —- — ---- = 10 or (R/L) 2 - 4/(LC) = 100. Since (R/L) 

= 30, we then get 900 - 100 = 4/(LC) or LC = 4/800 = 1/200. 


Now we work with ic(t) = Cdvc(t)/dt or 40e 20t - 60e 10t mA = 

C[200e 20t - 300e 10t ] V or C = 0.2x10 3 = 200 pF. Since LC = 1/200 then L = 
1/(200x200x10^ 6 ) = 1/0.04 = 25 H. Finally R = 30L = 30x25 = 750 O. 


750 O, 25 H, 200 pF 



Chapter 16, Solution 6. 


Design a parallel RLC Circuit that has the characteristic equation 

.s 2 +100s+10 6 = 0. 


Solution 

Step 1. Develop a general equation for a parallel RLC Circuit with initial 

conditions lumped into a parallel current source i(t). 

[Cs + (1/R) + (l/(Ls))]V(s) - I(s) = 0 or [s 2 +(l/(RC))s+l/(LC)]V(s) = sI(s)/C 

Step 2. The next step is to equate the unknowns to the parameters in the 

characteristic equation. This does become a design problem in that we have two 
equations with three unknowns. We need to pick one of the values so that the other 
values are realistic. 

1/(RC) =100 and 1/(LC) = 10 6 or RC = 0.01 and LC = 10 6 . We can start with some 
values of R and see what happens to the values of L and C. 

RLC 


1 Q 

100 pH 

10 mF 

10 Q 

1 mH 

1 mF 

100 Q 

10 mH 

100 pF 

1 kü 

100 mH 

10 pF 

10 k Q 

1 H 

1 pF 

100 kQ 

10 H 

0.1 pF 


We now need to pick reasonable values, R = 10 kO, L = 1 H, and C = lpF 
represents an acceptable set since their values are relatively common and inexpensive. 



Chapter 16, Solution 7. 


The step response of an RLC circuit is given by 


d 2 i .di 

—^ + 2 — + 5 ? = 10 
Jr dt 


Given that /(O) = 6 and di(0)/dt =12, solve for /(/). 

Solution 

Step 1. We start by transforming the equation into the s-domain. We then solve for I(s). 

s 2 I(s) - (di(0 )/dt) - si(0“) + 2sl(s) - 2i(0 ) + 5 I(s) = 10/s or 
s 2 I(s) - (12) - 6s + 2sl(s) - 2x6 + 5I(s) = 10/s = (s 2 +2s+5)I(s) - 6(s+4) or 


(s 2 +2s+5)I(s) = [6(s 2 +4s)+10]/s or I(s) = [6(s 2 +4s)+10]/[s(s 2 +2s+5)] 

o 

Step 2. We need to find the roots of (s +2s+5) and then perform a partial fraction 

expansion and then transform back into the time domain and realize i(t). 

2 „ c , , - 2 ± V4 - 20 , 

s + 2s + 5, has the roots si,2 = --- = -I±j2 

I(s) = [6(s 2 +4s)+10]/[s(s+l+j2)(s+l-j2)] = [A/s] + [B/(s+l+j2)] + [C/(s+l-j2)] 

A = 10/5 = 2; B = [6(l+j4-4-4-j8)+10]/[(-l-j2)(-j4)] = [6(-7-j4)+10]/[-8+j4] = 
(-32-j24)/[4(-2+j)] = 4(—8—j 6)/[4(—2+j)] = 2(-4-j3)/(-2+j) = 

[2(—4—j3)(—2—j)]/[(—2 + j)(—2—j)] = 2(8-3+j6+j4)/5 = 2(l+j2); C = 
[6(l-j4-4-4+j8)+10]/[(-l+j2)(j4)] = [6(-7+j4)+10]/[-8-j4] = 

(-32+j24)/[4(-2-j)] = 4(—8+j 6)/[4(—2—j)] = 2(-4+j3)/(-2-j) = 

[2 (—4+j 3 ) (—2+j) ] / [(—2—j) (—2+j) ] = 2(8—3—j6—j4)/5 = 2(l-j2). 

I(s) = [2/s] + [(2+j4)/(s+l+j2)] + [(2—j4)/(s+1 —j 2)] or 


i(t) = [2+4e"‘(cos(2t)+2sin(2t))]u(t) A 



Chapter 16, Solution 8. 


A branch voltage in an RLC circuit is described by 


d 2 v ^dv Aa 

—- + 4— + 8v = 48 
dt 2 dt 


If the initial conditions are v(0) = 0 = dv(0)/dt, find v{t). 

Solution 


Step 1. First we transform the equation into the s-domain. Then we solve for 

V(s). 

s 2 V(s) - (dv((T)/dt) - sv((T) + 4sV(s) - 4v(0~) + 8V(s) = 48/s or 
s 2 V(s) + 4sV(s) + 8V(s) = 48/s = (s 2 +5s+8)V(s) or 
V(s) = 48 /[s(s 2 +4s+8)] 

Step 2. Now we need to solve for the roots of the denominator and perform a 

partial fraction expansion. Then we can inverse transform the answer 
back into the time domain. 

2,o,, - 4 ± Vl6 - 32 „ , 

s + 4s + 8 has the roots s 1,2 = ---= -2 ± j2 thus, 

V(s) = 48/[s(s+2+j2)(s+2-j2)] = [A/s] + [B/(s+2+j2)] + [C/(s+2-j2)] 

where A = 48/4 = 6; B = 48/[(-2-j2)(-j4)] = 48/(-8+j8) = 

48(—1—j)/[8(—l+j)( -1-j)] = 6(—1—j)/2 = 3(—1—j); and C = 

48/[(—2+j2)(]4)] = 48/(-8-j8) = 48(-l+j)/[8(-l-j)(-l+j)] = 6(-l+j)/2 = 
3(-l+j). 

Therefore, V(s) = [8/s] + [3(-l-j)/(s+2+j2)] + [3(-l+j)/(s+2-j2)] 
v(t) = [6 - 6e' 2t (cos2t + sin2t)]u(t) volts 



Chapter 16, Solution 9. 


A series RLC Circuit is described by 


, CÍ S t(0 £(t) 

— R ~dT'' m T 


Find the response when L = 0.5 H, R = 4 Q, and C = 0.2 F. Let i(0 ) = 1 A and 
[di(0 )/dt] = 0. 


Solution 


Step 1. First transform the equation into the s-domain. Then solve for I(s). 

0.5s 2 I(s) - 0.5(di(01/dt) - 0.5si(01 + 4sl(s) - 4i(0“) + 5I(s) = 2/s or 
s 2 I(s) - s + 8sl(s) - 8 + 10I(s) = 4/s or 
(s 2 +8s+10)I(s) = s+8+4/s = (s 2 +8s+4)/s or 
I(s) = (s 2 +8s+4)/[s(s 2 +8s+10)] 

Step 2. Next we need to find the roots of (s~+8s+10) and then perform a partial 

fraction expansion and then inverse transform back into the time domain. 

Si ,2 = -1.5505 and -6.45 

(s 2 +8s+2)/[s(s 2 +8s+10)] = [A/s] + [B/(s+1.5505)] + [C/(s+6.45)] 


A = 0.4; B = 0.7898; and C = -0.1898 thus, 

I(s) = [0.4/s] + [0.7898/(s+1.5505)] + [-0.1898/(s+6.45)] and 
i(t) = [400+789.8e -1 ' 5505t -189.8e _6 ' 45t ] mA. 



Chapter 16, Solution 10. 

The step responses of a series RLC Circuit are 

v c = 40-10e 2000t - i0e 4000t V, t>0 
i L (t) = 3e 2000t + 6e 4000t mA, t>0 

(a) Find C. (b) Determine what type of damping exhibited by the circuit. 

Solution 


(a) i L (t)=i c (t)=C^ (1) 

— = 2000xl0e 2000t + 4000xl0e 4000t = 2xl0 4 (e 2000t + 2e 4000t ) (2) 

dt 

But i L (t) = 3[e 2000t + 2e 4000t ]xl0 3 (3) 

Substituting (2) and (3) into (1), we get 

2xl0 4 xC = 3x10 3 -> C = 1.5)40 7 = 150 nF 

(b) Since si = - 2000 and S 2 = - 4000 are real and negative, it is an overdamped 
case. 



Chapter 16, Solution 11. 

The step response of a parallel RLC circuit is 

v =10 + 20é>' 300í (cos 400í - 2 sin 400í) V, t > 0 
when the inductor is 50 mH. Find R and C. 

Solution 

Step 1. There are different ways to approach this problem so, we will convert 

everything into the s-domain and then solve for the unknowns. We should also 
note that the steady-state voltage is 10 volts, then the circuit is a step input voltage 
across a parallel combination of a capacitor and an inductor all in series with an 
output resistor. 

The nodal equation for this circuit is given by, 

[(V-10/s)/R] + [(V-0)/(0.05s)] + [(V-0)/(l/sC)] + = 0 or 

[(l/R)+(l/(0.05s))+sC]V = 10/(Rs) = [(20R+RCs 2 +s)/(Rs)]V or 

V= [10/(Rs)][Rs/(RCs 2 +s+20R)] = 10/[(RCs)(s 2 +(l/(RC))s+(20/C))] 

Step 2. From the value of v(t) we can determine the value of the roots of the 

polynomial (s 2 +(l/(RC))s+(20/Q) = (s+300+j400)(s+300-j400) thus, 20/C = 
300 2 +400 2 = 90,000 + 160,000 = 250,000 or 

C = 20/250,000 = 80 pF 

and 1/(RC) = 600 or 


R = 1/(600x80x10^ 6 ) = 20.83 O. 



Chapter 16, Solution 12. 

Consider the s-domain form of the circuit which is shown below. 



u(t) A 

i(t) = 1.155 e 05t sin (0.866t)u(t) A 





Chapter 16, Solution 13. 


Using Fig. 16.36, design a problem to help other students to better understand circuit analysis 
using Laplace transforms. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find v x in the circuit shown in Fig. 16.36 given v s = 4 u{t) V. 



4 C 


Figure 16.36 
ForProb. 16.13. 


Solution 


s 


8/s 



+ 


















v - 


s V x -0 V x -0 „ ox (16s + 32) 2 . 2 _. 

+ —-+ _ = V x (4s + 8)-- + (2s“ + 4s)V x +s‘V x 


s 2 4 + 5 


V x (3s 2 +8s + 8) = 


16s + 32 


V x =16-^-= 16 

s(3s 2 +8s + 8) 


0.25 -0.125 -0.125 

-+-= + - 


s 4 .78 4 ,V8 

s + - + j— s + — j— , 
v 3 3 3 3 J 


v = (4 - 2e“ (1 ' 3333+j0 ' 9428)t - 2e” (L3333_ja9428)t )u(t) V 


4-4e” 4t/3 cos 

í^ t ) 



1 3 J 



u(t)V 



Chapter 16, Solution 14. 


In the s-domain, the circuit becomes that shown below. 


1 



We transform the current source to a voltage source and obtain the circuit shown below. 



3 + 0. 2s 5(5 + 15) s 5 + 15 

A- — -- ff _ ~ 1 5-*20 + 40 _52 

~ 15 ~3’ “ -15 ~ 3 

r 8/3 52/3 

I = -+- 

S 5 + 15 


i(t) = [(2.667+17.333e _lst ]u(t) A 



Chapter 16, Solution 15. 


For the circuit in Fig. 16.38, calculate the value of R needed to have a critically 
damped response. 


60 Q 



Figure 16.38 
For Prob. 16.15. 

Solution 


8 . 


Step 1. Let RII60 = R 0 . Next, convert the circuit into the s-domain and 

solve for T(s) = R 0 + [1/(0.Ols)] + 4s = R 0 + (100/s) + 4s = 

o 

[(4s"+R o s+100)/s]. Now to solve for the roots that represent a 
critically damped system. 

s i,2 = {-R o ±[(Ro) 2 -4(400)]°- 5 }/2. 

The system is critically damped when [(R o ) 2 -4(400)] = 0. 

Step 2. (Ro) 2 = 1600 or R 0 = 40. Since R 0 = [Rx60/(R+60)] = 40 or 

60R = 40R+2400 or 20R = 2400 or R = 120 O. 












Chapter 16, Solution 16. 

The circuit in the s-domain is shown below. 



1 + 41 



» 5/=*V 0 


But 


1 = 


5-Vq 

2 


f 

5 

V 


5-V 0 ) 

2 J 


= sV 


■> 


K = 


12.5 
5 + 5/2 


v 0 (t) = 12.5e _2 ' st u(t) V 



Chapter 16, Solution 17. 



(-l+-sqrt(l-8))/2 = (-l+-(j2.646))/2 = -0.5+-j( 1.3229) 


1 

i 

1 

r 2 s 'i 

2s 

s + 2 

1 1 S 

U 2 2j 

s + 2 

^ s~ + s + 2 j 

~ (s + 2)(s + 0.5 + jl ,3229)(s + 0.5 - jl .3229) 


l _Vs__ íT_ 

0_ 2 _ (s + 2)(s + 0.5 + jl.3229)(s + 0.5 - jl.3229) 

(-0.5-jl.3229) 2 (-0.5 +jl.3229) 2 

1 (1.5-jl.3229)(-j2.646) (1.5 + jl.3229)(+j2.646) 

_ s + 2 + S + 0.5 +jl.3229 + s + 0.5 - jl.3229 

i o (t) = ( e ~ 2t + 0.3779e~ 90 V t/ V jL3229t + 0.3779e 90 V t/2 e jU229t )u(t) A 


= e~ 2t - 0.7559e~ ast sin 1.3229t)u(t) A 


or i 0 (t) 


e 21 -^e °- st sini 


V7 


'V7 


3 ) 


u(t)A 




Chapter 16, Solution 18. 

For t<0, v(0) = v s = 20 V 

For t>0, the circuit in the s-domain is as shown below. 


I 



10 Q 


\00mF = 0AF -> 


I = 



2 

7+T 


v = io/ = 


20 
s + 1 


1 

sC 


10 

s 


v(t) = 20e r u(t) 



Chapter 16, Solution 19. 


The switch in Fig. 16.42 moves from position A to position B at t=0 (please note that the 
switch must connect to point B before it breaks the connection at A, a make before break 



Figure 16.42 
ForProb. 16.19. 


Solution 


Step 1. First find all the initial conditions and then transform into the s-domain. 

Since the capacitor is not connected to a circuit, we do not know its initial 
condition so we can assume it is zero (v(0) = 0). We can find Íl(0) by letting the 
inductor be a short and i L (0) = 20/40 = 0.5 amp. 


0.5/s 



[(V i—0)/(4/s)] + [(V i-V 2 )/(4s)] + (0.5/s) = 0 and 

[(V 2 -Vi)/(4s)] + (-0.5/s) + [(V 2 -0)/10] = 0 where V = V$„ Next, add these 
together, [sVi/4] + [V 2 /10] = 0 or V? = -2.5sV 1 . Now we can solve for V 1 and 
V. 

Step 2. [(s/4)+(l/(4s))+(2.5s/(4s))]Vi = -0.5/s 

= [(s 2 +2.5s+1)/(4s)]V 1 or Vi = -0.5(4)/(s 2 +2.5s+1) =-2/[(s+0.5)(s+2)] 

= [-1.3333/(s+0.5)]+[1.3333/(s+2)] or 

v(t) = f- 1 .3333e” t/2 + 1 .3333e“ 2t ]u(t) volts. 





Chapter 16, Solution 20. 


Step 1. 


Find i(l) for / > 0 in the circuit of Fig. 8.43. 


/ = 0 



ForProb. 16.20. 

8.16 


Convert the circuit into the s-domain and write one loop equation noting that i(0) 
0 and v c (0) =16 volts. 

60 £2 



10 3 /s 


[(1000/s)]I +[16/s] + [2.5s]I + [40+60JI = 0 or 

[(2.5s 2 +100s+1000)/s]I = -16/s or I = -16/[2.5(s 2 +40s+400)] = -,64/(s+20) 2 
I = [A/(s+20)] + [B/(s+20) 2 ] where B = -64 so A = 0. Thus, 

i(t) = 6.4te" 20 ‘u(t) A. 


Step 2. 




















Chapter 16, Solution 21. 


In the Circuit of Fig. 16.44, the switch moves (make before break switch) from 
position A to B at t = 0. Find v{t) for all t > 0. 


Figure 16.44 
For Prob. 16.21. 


í-o 



Solution 


Step 1. First we need to find our initial conditions, clearly i(0) = 0 and v(0) = 

4x15 = 60 volts. Next we convert the Circuit into the s-domain. Wecanthen 
write a mesh equation and solve for v(t). 

s/4 



[10+(s/4)+(25/s)]I + 60/s = 0 and V = (25/s)I + 60/s 

Step 2. I = —(60/s)/[ 10+(s/4)+(25/s)] = -(60/s){4s/[s 2 +40s+100] 

=-240/[(s+2.679)(s+37.32)] = [A/(s+2.679)]+[B/(s+37.32)] where 
A = -240/(-2.679+37.32) = -6.928 and B = -240/(-37.32+2.679) = 6.928. 

This now leads to V = (25/s)I+60/s 

= {(25)(-6.928)/[s(s+2.679)]}+{(25)(6.928)/[s(s+37.32)]}+60/s 
= {-173.2/[s(s+2.679)]}+{173,2/[s(s+37.32)]} +60/s 
= [a/s]+[b/(s+2.679)]+[c/(s+37.32)] where 

a = [-173.2/2.679]+[ 173.2/37.32]+60 = -64.65+4.641+60 = -0.009 (In practice 
and theoretically, this term must be equal to be zero since there will be no 
energy in the Circuit at t = oo!); 

b = [—173.2/(—2.679)] = 64.65; and c = 173.2/(—37.32) = -4.641 or-4.65 ifwe 
correct the rounding errors. Thus, 

v(t) = [64.65e" 2 - 679 ‘-4.65e“ 37 - 32t ]u(t) volts. 


















Chapter 16, Solution 22. 


Find the voltage across the capacitor as a function of time for t > 0 for the circuit 
in Fig. 16.45. Assume steady-state conditions exist at t = 0". 


V 

-Wv\ - A — 

r=Q 





«45 M 





I V 


Figure 16.45 
ForProb. 16.22. 


Solution 

Step 1. First we need to calculate the initial conditions, v c (0) = 0 and i L (0) = 20/5 

= 4 amps. Next we need to convert the circuit into the s-domain and solve for the 
node voltage V = V c . Convert this back into the time domain and obtain vc(t). 


V 



[(V-0)/l]+[4/s]+[(V-0)/(s/4)]+[(V-0)/(l/s)] = 0 then solve for V, next complete a 
partial fraction expansion, and then convert back into the time domain. 

Step 2. [l+(4/s)+s]V = [(s 2 +s+4)/s]V = -4/s or 

V = -4/[(s+0.5+jl.9365)(s+0.5-j 1.9365)] 

= [A/(s+0.5+j 1.9365)] + [B/(s+0.5-j 1.9365)] where A = —4/(—j3.873) 

= 1.0328Z-90 0 and B = -4/(j3.873) = 1.0328Z90 0 . Thus, 

v c (t) = 1.0328e“ t/2 [e" (il - 9365t+90 ° ) +e (il - 9365t+90 ° ) ]u(t) 


= 2.066e“* /2 cos(1.9365t+90°)u(t) volts. 


























Chapter 16, Solution 23. 


Obtain v(t) for t > 0 in the circuit of Fig. 16.46. 



Figure 16.46 
ForProb. 16.23. 

Solution 

Step 1. First we need to calculate the initial conditions. Clearly since the inductor 

looks like a short, v(0) = 0 and i L (0) = 90/10 = 9 amps. Next we convert the 
circuit into the s-domain and solve for V and then obtain the partial fraction 
expansion and convert back into the time domain. 



[(V-0)/(l/s)]+(-9/s)+[(V-0)/4s] = 0 

Step 2. 

[s+(l/(4s))]V = 9/s = [(s 2 +0.25)/(4s)]V or V = 36/[(s+j0.5)(s-j0.5)] 
= [A/(s+j0.5)] + [B/(s-j0.5)] where A = 36/(-j) = 36Z90° and 
B = 36/(j) = 36Z-90°. Thus, 
v(t) = 36[e _ti °' 5t_90 ” ) +e (j0 ' 5t_90 ° ) ]u(t) 


= 18cos(0.5t-90°)u(t) volts. 





















Chapter 8, Solution 24. 

The switch in the circuit of Fig. 16.47 has been closed for a long time but is 
opened at t = 0. Determine i(t) for í > 0. 


i(t) \ H 



Figure 16.47 
ForProb. 16.24. 

8.20 


Solution 

Step 1. First we solve for the initial conditions and then convert the circuit into the 

s-domain and then solve for I, perform a partial fraction expansion, then convert 
back into the time domain. We recognize that the capacitor becomes an open 
circuit and the inductor becomes a short circuit at t = 0”. Therefore, v(0) =12 
volts and i(0) = 12/2 = 6 amp£ 5 s 



We can use mesh analysis, -(12/s) + (4/s)I + (0.5s)(I-6/s) + 21 = 0. 

Step 2. [(4/s)+0.5s+2]I = (12/s)+(3) = (3s+12)/s = [(s 2 +4s+8)/(2s)]I or 

I = (6s+24)/[(s+2+j2)(s+2-j2)] = [A/(s+2+j2)] + [B/(s+2-j2)] where 
A = (-12-j 12+24)/(-j4) = 16.97 Z^574Z-90°= 4.243Z45°and 
B = (-12+j 12+24)/(j4) = 4.243Z-45”. Thus, 
i(t) = 4.243e^ 2t [e^ 2t ' 45 ° ) +e (i2t ^ 5 ° ) ]u(t) 


= 8.486e 2t cos(2t-45°) amps. 

























Chapter 16, Problem 25. 


Step 1. 


Step 2. 


Calculate v(t) for t > 0 in the circuit of Fig. 16.48. 

15 0 



Figure 16.48 
ForProb. 16.25. 


First solve for the initial conditions. Then simplify the circuit and then 
convert it into the s-domain and then solve for v(t). Since the capacitor becomes 
an open circuit, i L (0) = 0 and v(0) = (24)24/36 = 16 volts. 



3s 

27/s 

16/s 


We can now use mesh analysis to solve for V(s). (30+3s+27/s)I + 16/s = 0 or 
[3(s 2 +10s+9)/s]I = -16/s or I = -(16/3)/[(s+l)(s+9)] and v = (27/s)I + 16/s. 

V = -(16/3)(27)/[s(s+l)(s+9)] + 16/s = -144/[s(s+l)(s+9)] + 16/s. Thus, 

V = [A/s]+[B/(s+l)]+[C/(s+9)] where A = -(144/9)+16 = 0 (as expected) and 
B = —144/[(—1)(—1+9)] = 144/8 = 18 and C = -144/[(-9)(-9+l)] = -144/72 = -2. 


v(t) = [18e“‘-2e“ 9t ]u(t) volts. 






















Chapter 16, Problem 26. 


The switch in Fig. 16.49 moves from position A to position B at t=0 (please note 
that the switch must connect to point B before it breaks the connection at A, a 
make before break switch). Determine i(t) for t >0. Also assume that the initial 
voltage on the capacitor is zero. 



ForProb. 16.26. 

Solution 

Step 1. Determine the initial conditions and then convert the circuit into the s- 

domain. Then solve for V and then find I. Convert it into the time domain. It is 
clear from the circuit that Íl(0) = 12 A. 



Applying nodal analysis we get, 

[(V-0)/(100/s)]+[(V-0)/10]+[(V-0)/(0.25s)]+12/s = 0 where 
I = [(V-0)/(0.25s)]+12/s. 

Step 2. [(s 2 +10s+400)/(100s)]V = -12/s or 

V = -1200/[(s+5+j 19.365)(s+5-j 19.365)] or 
I = -{4800/[s(s+5+j 19.365)(s+5-j 19.365)] }+12/s 

= [A/s]+[B/(s+5+jl9.365)]+[C/(s+5-jl9.365)] where A = -12+12 = 0, as to be 
expected; B =-4800/[(-5-jl9.365)(-j38.73)] 

= 4800Z1807[(20Z-104.48)(38.73Z-90°)] = 6.197Z14.48 0 ; and 
C = -4800/[(-5+j 19.365)(j38.73)] = 4800Z1807[(20Z104.48)(38.73Z90°)] 

= 6.197 Z-14.48°. 

i(t) = [12.394e _st cos(19.365t+14.48°)]u(t) amps. 



Chapter 16, Problem 27. 


Find v(t) for í > 0 in the circuit in Fig. 16.50. 


f = 0 


3 A 




f i° n- 

♦ 


I II 

-^Tír- 


=i= 4 K 50 


4«(f) A 


Figure 16.50 
For Problem 16.27. 


Solution 

Step 1. First we need to determine the initial conditions. We note that the source 

on the right is equal to zero until the switch opens. So, all initial conditions come 
from the 3-amp source on the left. Since the capacitor looks like an open and the 
inductor looks like a short we get, 

v(0) = 3[5xl0/(5+10)] = 10 volts and i L (0) = 10/5 = 2 amps. 

Next we convert the circuit (t > 0) into the s-domain with initial conditions. Then 
we can solve for V, perform a partial fraction expansion and solve for v(t). 

2/s 



-[10/s]+[l/(4s)]I+[s(I-(2/s))]+5I+[20/s] = 0 and V = [l/(4s)](-I) + [10/s] 

Step 2. {[l/(4s)]+s+5]I = {[s 2 +5s+0.25]/(s)]I = 2-10/s = 2(s-5)/s or 

I = 2(s-5)/[(s+0.0505l)(s+4.949)] and 

V = {-2(s-5)/[(4s)(s+0.05051)(s+4.949)]}+10/s 
= {-0.5(s-5)/[s(s+0.05051)(s+4.949)]]+10/s 

V = [A/s] + [B/(s+0.05051)] + [C/(s+4.949)] where 































A = [2.5/[(0.05051)(4.949)]]+10 = 20; 

B = -0.5(-0.05051-5)/[(-0.05051)(-0.05051+4.949)] 

= 2.52525/(-0.24742) = -10.206; and 

C = -0.5(-4.949-5)/[(-4.949)(-4.949+0.05051)] = 4.9745/24.243 = 0.2052. 

v(t) = [20-10.206e“° 05051t +0.2052e“ 4 - 949 ‘]u(t) volts. 

dv/dt = -10.206(-0.05051)+0.2052(-4.949) = 0.5155-1.0155 = -0.5 or 
Cdv/dt = -4x0.5 = -2 amps, the answer checks! 



Chapter 16, Problem 28. 


For the circuit in Fig. 16.51, find v(t) for í > 0. 

4u(-t) A 


Figure 16.51 
ForProb. 16.28. 



2Q 


Solution 

Step 1. Determine the initial conditions (at t = 0, the 4 amp current source turns off and 

the 100 volt voltage source becomes active). Since the capacitor becomes an open 
circuit, Íl(0) = 0 and v(0) = -4x6 = -24 volts. Now convert the circuit into the s-domain 
and solve for V and then convert it into the time domain to obtain v(t), 



Now for the mesh equation, [4+s+(25/s)+2]I-(24/s)-(100/s) = 0. V = (25/s)I-24/s. 

Step 2. [(s 2 +6s+25)/s]I = 124/s or I = 124/(s 2 +6s+25) = 124/[(s+3+j4)(s+3-j4)] thus, 

V= {3100/[s(s+3+j4)(s+3-j4)]}-24/s = [A/s]+[B/(s+3+j4)]+[C/(s+3-j4)] where 
A = (3100/25)—24 = 124-24 = 100; B = 3100/[(-3-j4)(-j 8)] 

= 3100/[(5Z-126.87°)(8Z-90°)] = 77.5Z-143.13 0 ; and 
C = 3100/[(]8)(-3+j4)] = 3100/[(5Z126.87°)(8Z90°)] = 77.5Z143.13°. 


v(t) = [100+155e“ 3 ‘cos(4t+143.13°)]u(t) volts. 






















Chapter 16, Problem 29. 


Calculate i(t) for I > 0 in the circuit in Fig. 16.52. 

+ v - 



Figure 16.52 
ForProb. 16.29. 

Solution 

Step 1. Calculate the initial conditions and then convert the above circuit into the 

s-domain. Then solve for I, perform a partial fraction expansion, and convert into 
the time domain. v(0) = 20 volts and i(0) = 0. 


16/s 



[16/s]I + [20/s] + 0.25sl = 0. 

Step 2. {[16/s]+0.25s}I = -20/s = {[s 2 +64]/(4s)}I or I = -80/[(s+j8)(s-j8)] or 

I = [A/(s+j8)] + [B/(s-j8)] where A = -80/(-jl6) = 5Z-90° and 
B = —80/(j 16) = 5Z90° thus, 

i(t) = [5c j8t 90 +5e |8t+90 ]u(t) = 10cos(8t+90°)u(t) amps. 



















Chapter 16, Solution 30. 


The circuit in the s-domain is shown below. Please note, Íl(0) = 0 and v o (0) = o because 
both sources were equal to zero for all t<0. 

1 1 



At node 1 

[(Vi —2/s)/1 ] + [(Vi—0)/s] + [(Vi-V 2 )/1] = 0 or [l+(l/s)+l]Vi-V 2 = 2/s or 
[(2s+l)/s]V i-V 2 = 2/s 


At node o 

[(Vo-VO/1] + [(V o— 0)/(2/s)] - (l/s) = 0 or 
-Vi+[(s+2)/2]V 0 = l/s 


In matrix form we get, 


25 + 1 , 1 


2l 

s - 1 

í + 2 

0- 

7 

i 

1 2 


LTJ 



5 + 2 t 



[5 + 2 1 ' 



25 + 1 


r 2 i 


2í + 1 

21 

ftl - 

—2 


7 


2 

7 


i 

3 8 + 1,35 + 1 

3 

1 

”, 


s 2 +1.5s+1 = (s+0.75+j0.6614)(s+0.75-j0.6614) 

V 0 = s[(2/s)+(2s+l)/s 2 ]/[(s+0.75+j0.6614)(s+0.75-j0.6614)] 

= (4s+l)/[s(s+0.75+j0.6614)(s+0.75-j0.6614)] 

= [A/s] + [B/(s+0.75+j0.6614)] + [C/(s+0.75-j0.6614] where A = 1; 
B = [4(—0.75—j0.6614)+l]/[(—0.75—j0.6614)(—j 1.3228)] 

= [-3-j2.6456+l]/[(lZ-138.59°)(1.3228Z-90°)] 

= (3.3165Z-127.09°)/[(lZ-138.59 o )(1.3228Z-90°)] = 2.507Z101.5 0 
C = [4(-0.75+j0.6614)+l]/[(-0.75+j0.6614)(j 1.3228)] 

= [-3+j2.6456+l]/[(lZ138.59°)(1.3228Z90°)] 

= (3.3165Z127.09°)/[(1Z138.59°)(1.3228Z90°)] = 2.507Z-101.5 0 

































Therefore 

vò(t) = [l+2.507e _0 ' 75t e _(i0 ' 6614t_101 ' 5 ° ) +2.507e _0 ' 75t e (i0 ' 6614t_101 ' 5 ) ]u(t) volts or 

= [l+5.014e“ 075 ‘cos(0.6614t-101.5°)]u(t) volts. 

An alternate solution is, 

(45 + 1) _A Bs + C 
s(s 2 +1.55 + 1) 5 5 2 + 1.55 + 1 

4.v +1 = A(s 1 +1.55 +1) + Bs 2 + Cs 


We equate coefficients. 

s 2 : 0 = A+ B or B = -A 

s: 4=1.5A + C 

constant: 1 = A, B=-l, C = 4-1 .5A = 2.5 

3.25 77 
77 4 

i 5+3/4 

- + - 

5 


v. = I + . - I+2 ' 5 


5 5 +1.55 + 1 


This now leads to, 


^77 A 

V 4 7 


(5 + 3/ 4) + 


V 4 7 


V7 

where 4 =0.6614. 


(5 + 3/ 4) + 


v 0 (t) = [l-e _3t/4 cos(0.6614t)+4.914e _3t/4 sin(0.6614t)]u(t) volts. 












Chapter 16, Solution 31. 


Obtain v(f) and i(t) for t > 0 in the circuit in Fig. 16.54. 

511 IO 


3«(/)A 



- r fw — m - 

9 50 ; 

£ 0.2 F = 

> 


- vwv - A - 


=!= /■(/) 


20 


20 V 


Figure 16.54 
For Prob. 16.31. 

Solution 

Step 1. First, find the initial conditions and then transform the above circuit into 

the s-domain after converting the current source in parallel with the 5-ohm 
resistor into a 15 volts voltage source in series with a 5-ohm resistor. Then solve 
for V and I, perform a partial fraction expansion on each and then convert back 
into the time domain. The steady State the values are i(0) = 0 and v(0) = 20 volts. 



-[15/s]+5I+(5s)I+lI+[5/s]I+[20/s]-[20/s]+2I = 0 and V = {[5/s]I+[20/s]. 

Step 2. {5+[5s]+l+[5/s]+2}I = [ 15/s]—[20/s]+[20/s] = 15/s or 

{5[s 2 +1.6s+1]/s}I = 15/s or I = 3/[(s+0.8+j0.6)(s+0.8-j0.6)] and 
V = {[5/s]I+[20/s] = 15/[s(s+0.8+j0.6)(s+0.8-j0.6)] + 20/s 
= [A/s] + [B/(s+0.8+j0.6)] + [C/(s+0.8-j0.6)] where A = [15/(0.64+0.36)]+20 = 
35; B = 15/[(—0.8—j0.6)(—j 1.2)] = 12.5Z9071Z-143.13 0 = 12.5Z-126.87 0 ; and 
C = 15/[(-0.8+j0.6)(jl.2)] = 12.5Z-907(1Z143.13° = 12.5Z126.87 0 . 

























v(t) = [35+12.5e"°' 8Ha6t ^ 126 ' 87 +12. 5e °- 8t+ jO' 6t+ 1 26 - 87 ] u ( t ) volts 

= [35+25e _0 ' 8 *cos(0.6t+126.87°)]u(t) volts. 

I = 3/[(s+0.8+j0.6)(s+0.8-j0.6)] = [A/(s+0.8+j0.6)] + [B/(s+0.8-j0.6)] where 
A = 3/(—j 1.2) = 2.5Z90 0 and B = 3/(jl.2) = 2.5Z-90 0 . Thus, 

i(t) = 2.5e _0 ' 8t [e” j0 ' 6t+90 °+e j0 ' 6t_90 °]u(t) 

= 5e _0 ' 8t [cos(0.6t-90°)]u(t) amps. 



Chapter 16, Solution 32. 


For the network in Fig. 16.55, solve for i(t) for t > 0. 



ForProb. 16.32. 

Solution 

Step 1. First we need to find all the initial conditions. Then we need to transform 

the circuit into the s-domain and solve for I. We then perform a partial fraction 
expansion and convert the results into the time domain. The inductor becomes a 
short and the capacitor becomes an open circuit. Thus, i(0) = [20/6] + [20/12] = 5 
amps and vc(0) = 10 + 10 = 20 volts. 



Loop equation, -[10/s]-0.5s(I-5/s)-4I-[8/s]I+[20/s] = 0. 

Step 2. [0.5s+4+8/s]I = [(s 2 +8s+16)/(2s)]I = -[10/s]+2.5+20/s = (s+4)/(0.4s) or 

I = 5(s+4)/[(s+4) 2 ] = [A/(s+4)]+[B/(s+4) 2 ] where A(s+4)+B = 5(s+4) or A = 5 and 
B = 0. Therefore, 

i(t) = [5e -4t ]u(t) amps. 























Chapter 16, Solution 33. 


Using Fig. 16.56, design a problem to help other students to better understand how to use 
Thevenin’s theorem (in the s-domain) to aid in circuit analysis. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Use Thevenin’s theorem to determine v G (t), t>0 in the circuit of Fig. 16.56. 

1Q 1H 


10e' 2t u(t) V( + 


Figure 16.56 For Prob. 16.33. 


Solution 

1 H - > 1 .s and i L (0) = 0 (the sources is zero for all t<0). 

1 1 4 

— F - > — = — and vc(0) = 0 (again, there are no source 

4 sC s 

contributions for all t<0). 

To find ZTh , consider the circuit below. 

1 s 


2 


Z Th = 1 l/( s + 2) = 

s + 3 

To find Vxh, consider the circuit below. 




1 


s 







Chapter 16, Solution 34. 


In the s-domain, the circuit is as shown below. 

1 Q 4 



10 s 1 

7“ ( í' 1 4 2 

--si, +/,(4 + -i)=0 
4 1 2 4 


In matrix form, 


( 1 ) 

( 2 ) 


f 10 " 



1 

— s 



4 

4 

s 

0 

— 

1 

5 


— s 

4 + -s 



4 

4 




9 . 

+ -s + 4 

4 


10 

s 

1 

— s 

4 

_ 40 50 

a 2 = 

i+* 

4 

10 

s 

0 

. 5 

4 + — s 
4 

~T + T 

1 

— s 

4 

0 


40 25 

Ai _ T + T _ 50s +160 

A ~~ 0.25s 2 +2.25s + 4 _ s(s 2 +9s + 16) 


A 2 _ 2.5 _ 10 

A "" 0.25s 2 +2.25s + 4 _ s 2 +9s + 16 



























Chapter 16 , Solution 35 . 


Find v o (0 in the circuit in Fig. 16.58. 



Figure 16.58 
ForProb. 16.35. 


Solution 


Step 1. First we note that the initial condition on the capacitor and inductor must 

be equal to zero since the circuit is unexcited until t = 0. Next we transform the 
circuit into the s-domain. 



We then can solve for V 0 using nodal analysis. 


V„- 


10 


iTT, hBr.-o> ,T.-« i 


/I \ 10 3 

í- I 2s I 0.25 1V,,.---— + - 

\S / * 8(8 + 1 ) § 


Finally we solve for V Q , perform a partial fraction expansion and then convert 
into the time-domain. 


Step 2. 


„/s s + 0 , 123 s + 0 , 33 s +13 , r l, 3 s + 6,3 

V s ) 9 aís + i:* 0 (s* + 0,1238 + o, 3 »;s + i:« 


Next 


o lt 2 


- 0.125 ± .. 0 . 015625-2 


-0.062S± 


v- 1,984375 


— 0.062 2 ± JQ.70 1 22 


2 


2 




























_ 1, 5s + 6,5 

~ ia + 1 -SH-O, 0625 410, 70435-s 4 0. 0625 - j0. 70435 ? 

A . B C 

" FTT + s + 0.0623 + )0.70435 * ã + 0,0(523 -|0,70433 

-l'g -H 6,3 S g gjg 

where A = 1 - Q.12S + 0.B 073 

B = 

l.Bí-0, 0625 - j0, 70433? + 6,3 6, 40623 - f 1,036323 

e-0, 0623 - ]0,70433 + 1*-1 L 4037* " r 0,9373 - JQ. 70433*-1L 40S7* 

= (6.492792 - 9i36497*))/(l,172612 - 56,9178»)C1,40*72 - 90“) = 3,93062117.553" 

C = 

1.K-0.Q62S 4 J 0,70435) 4 6,5 6,40625 4 J1 , 056525 

•-0,0623 -HO,70433 f 1*114037) " *0,9373 + JO,70433*114037* 


6.49279^9.36497* 

=(1.177fi1 z3fi.917R°X 1.4nR7z9fl s j =3.9306z-l 17.553° 


Thus, 


Vo(t) = 

|3.6360 -t + 3,931&" í ' 962B (& 117,BB Vl 9,7(mt + ^9.70441 


or 


[3. 636»-* + 7. 862*- o c, ‘ 2B, lo!KO. 70441 - 117. 33 B >]u<l>v wlt» . 











Chapter 16, Solution 36. 


Refer to the circuit in Fig. 16.59. Calculate i(t) for t> 0. 


6(l-u(t)) A 



Figure 16.59 
ForProb. 16.36. 


Solution 


Step 1. 


First we need to determine the initial conditions and then transform the circuit 


into the s-domain. 


6A 



Clearly i = 6 A. The current then traveis through the parallel combination of the 10 ohm 
resistor and the combined 15 ohm resistance. ii = 6[(15)(10)/(15+10)]/(15) = 2.4 A. 
Therefore, v(0) = 5x2.4 = 12 V and i(0) = 6 A. We also note that the two 10 ohm 
resistors are in series and the combination is in parallel with the 5 ohm resistor resulting 
in a 100/25 = 4 ohm resistor. 

The circuit in the s-domain is shown below. 


-[12/s] + [3/s]I + [0.75s](I-6/s) + 41 = 0. 



















Step 2. [(s 2 +5.333s+4)/(4s/ 3)]I = 4.5+12/s = 4.5(s+2.667)/s or 

I = 6(s+2.667)/[(s+0.903)(s+4.43)] = [A/(s+0.903)]+[B/(s+4.43)] where 

A = 6(-0.903+2.667)/(-0.903+4.43) = 6x1.764/3.527 = 3.001 and 
B = 6(-4.43+2.667)/(-4.43+0.903) = 6x(-1.763)/(-3.527) = 2.999 or 

i(t) = [3.001e-°- 903t +2.999e^- 43t ]u(t) amps. 




Chapter 16, Solution 37. 


Determine v(t ) for t > 0 in the Circuit in Fig. 16.60. 


30 Q 0.5F 0.25H 



ForProb. 16.37. 


30u(t)V 


Solution 


Step 1. First we need to detennine the initial conditions for this Circuit. Since 

both sources were zero (shorts) until t = 0, the initial conditions for this circuit are 
equal to zero (v(0) = 0 and Íl(0) = 0). Next we transform the circuit into the s- 
domain. Then we can write node equations and then solve for V. Then perfonn a 
partial fraction expansion and convert back into the time domain. 



From this circuit there are different ways of solving for v(t). Perhaps the easiest is 
to replace the circuit seen by the capacitor and inductor with a Thevenin 
equivalent circuit. Vihev = [(60/s)/(30+20)]20 - 30/s = (24/s)-(30/s) = -6/s and 
R eq = 20x30/(20+30) = 12 Q. Thus we now have the following circuit where we 
can now find I. Once we have I we can find V and then perfonn a partial fraction 
expansion and then convert into the time domain to solve for v(t). 


12 Q 2/s s/4 



-[-6/s] + 121 + [2/s]I + [s/4]I = 0 and V = [2/s]I. 

Step 2. [(s/4)+12+(2/s)]I = -6/s = [(s 2 +48s+8)/(4s)]I or 








I = (—6/s)(4s)/ [(s 2 +48s+8)] = -24/[(s+0.165)(s+47.84)] and 
V = -48/[s(s+0.1672)(s+47.84)] = [A/s]+[B/(s+0.1672)]+[C/(s+47.84)] where 
A = -48/[0.1672x47.84] = 6; B =-48/[-0.1672(-0.1672+47.84)] = 6.022; and 
C = -48/[-47.84(-47.84+0.1672)] = -0.021 

Therefore 

v(t) = [-6+6.022e" 01672t -0.021e^ 7 - 84t ]u(t) volts. 



Chapter 16, Solution 38. 

The switch in the Circuit of Fig. 16.61 is moved from position a to b (a make 
before break switch) at t = 0. Determine i(l) for t > 0. 


0.02 F 


14 Li 



12 V 


Figure 16.61 
ForProb. 16.38. 


Solution 

Step 1. We first determine the initial conditions. We assume that Vc(0) = 0 since 

we are not given otherwise. i(0) = [4(2x6)/(2+6)]/2 = 3 amps. Next we need to 
convert the Circuit for t > 0 into the s-domain converting the current source in 
parallel with the 6Q into a voltage source in series with 6Q. 

3/s 3/s 




Using the simplified Circuit on the right, 2s(I-3/s) + [50/s]I -(12/s) +201 = 0. 
Now we solve for I, perform a partial fraction expansion, and then convert into 
the time dotnain. 

Step 2. [2s+(50/s)+20]I = 6+12/s = [(s 2 +10s+25)/(0.5s)]I = 6(s+2)/s or 

I = [3(s+2)/(s+5) 2 ] = [A/(s+5)] + [B/(s+5) 2 ] where As+5A+B = 3s+6 or 
A = 3 and B = -5A+6 = -15+6 = -9. Thus, 


i(t) = [(3-9t)e 5t ]u(t) amps. 










































Chapter 16, Solution 39. 


For the network in Fig. 16.62, find i(t) for t > 0. 


só v 


5 12 



Figure 16.62 
ForProb. 16.39. 

Solution 


Step 1. First determine the initial conditions at t = 0. Clearly i(0) = 0 and v(0) = 

[50/(20+5+5)]5 = 25/3 volts. Next simplify and convert the circuit for t > 0 into 
the s-domain. 

4 Q s 



25/s 

25/(3s) 


—[10/s] + [4+s+(25/s)]I + [25/(3s)] = 0 Now we need to solve for I, perform a 
partial fraction expansion, and then convert into the time domain. 

Step 2. [(s 2 +4s+25)/s]I = [10/s] - 25/(3s) = [5/(3s)] or 

1= 1.6667/[(s+2+j4.583)(s+2-j4.583)] = [A/(s+2+j4.583)]+[B/(s+2-j4.583)] 
where A = 1.6667/(-j9.166) = 0.18182Z90” and B = 0.18182Z-90°. Therefore, 

i(t) = [0.18182e" 2t (e“ j4 - 583t+90 +e j4 - 583t " 90 “)]u(t) amps or 


= [363.6e" 2t cos(4.583t-90°)]u(t) mA. 





















Chapter 16, Solution 40. 


Given the network in Fig. 16.63, find v{t) for t > 0. 


2 A 



Figure 16.63 
ForProb. 16.40. 

Solution 

Step 1. First we determine initial conditions and then simplify the circuit and then 

transform it into the s-domain. Just before the switch closes, the capacitor is an 
open circuit (Íl(0) = 0) with v(0) = 4 -12 = -8 volts. 


6 Q s 



We can write a node equation at V and then solve for V. Then we perform a 
partial fraction expansion and then solve for v(t). 

[(V—(— 12/s))/(s+6)]+[(V—(—8/s))/(25/s)] = 0. 

Step 2. [(l/(s+6))+s/25]V = [(s 2 +6s+25)/(25(s+6))]V 

= — [ 12/(s(s+6))]—[8/25] = -[(12+0.32s 2 +l .92s)/(s(s+6))] 

= -0.32[(s 2 +6s+37.5)/(s(s+ 6))] or 
V = -8[(s 2 +6s+37.5)/(s(s+3+j4)(s+3-j4))] 

= [A/s]+[B/(s+3+j4)]+[C/(s+3-j4)] where A = -8[37.5/25] = -12; 

B = -8[((-3-j4) 2 +6(-3-j4)+37.5)/((-3-j4)(-j8)] 

= -8 [(-7 +j 24-18-j24+37.5)/(-32+j 24)] 

= -8[(12.5)/(40Z143.13°)] = 2.5Z36.87 0 ; and 






















C = -8[((-3+j4) 2 +6(-3+j4)+37.5)/((-3+j4)(j8)] 

= — 8 [ (—7—j 24—18+j24+37.5)/(—32—j 24) ] 

= -8[(12.5)/(40Z-143.13 0 )] = 2.5Z-36.87 0 
V = [-12/s] + [2.5Z36.877(s+3+j4)] + [2.5Z-36.877(s+3-j4)] 

v(t) = [-12+2.5e" 3t (e“ j4t+36 - 87 +e i4_36 ' 8r )]u(t) amps 


= [-12+5e 3t (cos(4t-36.87°)]u(t) volts. 



Chapter 16, Solution 41. 


Find the output voltage v 0 {i) in the Circuit of Fig. 16.64. 



Figure 16.64 
For Prob. 16.41. 

Solution 

Step 1. First we need to determine the initial conditions. We see that v o (0) = 0 

since the inductor becomes a short. We also note that the initial current through 
the inductor is the same as the current through the 10 Q resistor or Íl(0) = 

[3(5x10)/(5+10)]/10 = 1 amp. Then we simplify the Circuit and convert it into the 
s-domain and solve for V 0 . We then perform a partial fraction expansion and 
convert into the time domain. 

Vo 



-[3/s] + [(Vo-0)/5] + [(V o -0)/( 100/s)] + [(Vo-0)/s] + [l/s] = 0. 
Step 2. [0.2+(s/100)+(l/s)]Vo = 2/s = [(s 2 +20s+100)/(100s)]V o or 


v 0 (t) = [200te _lot ]u(t) volts. 


V o = 200/[(s+10) 2 ] and 





























Chapter 16, Solution 42. 


Given the Circuit in Fig. 16.65, fínd i(t) and v(t ) for t > 0. 



Figure 16.65 
ForProb. 16.42. 

Solution 

Step 1. First we need to fínd the initial conditions. Since the inductor becomes a short 

and the capacitor becomes an open circuit, all the current flows through the 1 Q and 2 Q 
resistors or i(0) = -12/3 = -4 amps and v(0) = 4x1 =4 volts. Next we need to convert the 
circuit into the s-domain and solve for V and I. Once we have done that, we can perform 
partial fraction expansions and convert back into the time domain. 

y 


4/s 


[(V-0)/l] + [(V—4/s)/(4/s)] + [(V-0)/s] - [4/s] = 0 and I = [(V-0)/s] - [4/s]. 

Step 2. [(l+(s/4)+(l/s)]V = [(s 2 +4s+4)/(4s)]V = 1+4/s = (s+4)/s or 

V = (4s+16)/[(s+2) 2 ] = [A/(s+2)]+[B/(s+2) 2 ] where As+2A + B = 4s+16 and 
A = 4 and B = 16-2A =8.1 = [4/(s(s+2))]+[8/(s(s+2) 2 )]-4/s 





























The partial fraction expansion is straight forward for the first and third tenns, but the 
second term takes a little work. 8/(s(s+2) 2 = [a/s]+[b/(s+2)]+[c/(s+2) 2 ] or 
as 2 +a4s+a4+bs 2 +b2s+cs = 8 or a = 2, b = -2, and c = -4. 

Thus, I = [2/s]+[-2/(s+2)]+[2/s]+[-2/(s+2)]+[-4/(s+2) 2 ]-4/s = -[4/(s+2)] - [4/(s+2) 2 ] and 
we finally get, 


v(t) = [4e 2t + 8te 2t ]u(t) volts and 
i(t) = [-4e _2t - 4te _2t ]u(t) amps. 



Chapter 16, Solution 43. 


Determine i(t) for t > 0 in the circuit of Fig. 16.66. 



3 \ 


Figure 16.66 
ForProb. 16.43. 

Solution 

Step 1. First we need to determine the initial conditions. Then we need to 

transform the circuit into the s-domain. Once in the s-domain we can calculate V 
and I. We then perform a partial fraction expansion on I and convert back into the 
time domain. Since the inductor looks like a short just before the switch opens, 
v c (0) = 0 and i(0) = (12/4)+3 = 6 amps. 

y 



[(V-0)/(5s)] + [6/s] + [(V-0)/(20/s)] + [(V-0)/5] - [3/s] = 0 and I = [(V-0)/(5s)] + 
[6/s]. 

Step 2. [(l/(5s))+(s/20)+(l/5)]V = [(s 2 +4s+4)/(20s)]V = -3/s or 

V = -60/(s+2) 2 and I = -[12/(s(s+2) 2 )] + 6/s = [A/s] + [B/(s+2)] + [C/(s+2) 2 ] + 
(6/s) where A = -3 and A(s 2 +4s+4) + B(s 2 +2s) + Cs = -12 
= -3s 2 - 12s -12 + Bs 2 + B(2s) + Cs or -3 B = 0 or B = 3 and 
-12 + 6 + C = 0orC = 6. 


i(t) = [3+3e 2t +6te 2t ]u(t) amps. 


























Chapter 16, Solution 44. 


For the circuit in Fig. 16.67, find i(t) for 1 > 0. 

10 Í1 



- WvV - 




30 V | 
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Figure 16.67 
ForProb. 16.44. 

Solution 

Step 1. First we identify the initial conditions. Then we simplify the circuit (for t 

> 0) and then transform it into the s-domain. We then solve for the node voltage, 
V, and then find I. Finally we perform a partial fraction expansion and convert 
the answer into the time domain. For t < 0, the inductor looks like a short circuit 
producing v c (0) = 0 and i(0) = 30/10 = 3 amps. 


y 



-[9/s] + [(V-0)/(100/s)] + [(V—0)/8] + [(V-0)/(4s)] + [3/s] = 0 and 
I = [(V-0)/(4s)] + [3/s]. 

Step 2. [(s/100)+(l/8)+l/(4s)]V = [(s 2 +12.5s+25)/(100s)]V = 6/s or 

V = 600/[(s+2.5)(s+10)] and I = 150/[s(s+2.5)(s+10)]+[3/s] 

= [A/s] + [B/(s+2.5)] + [C/(s+10)] where A = 6+3 = 9; B = 150/[-2.5(-2.5+10)] 
= -8; and C = 150/[-10(-10+2.5)] = 2. 

i(t) = [9-8e“ Z5t +2e“ 10t ]u(t) amps. 


























Chapter 16, Solution 45. 


Find v(t) for t > 0 in the Circuit in Fig. 16.68. 



Figure 16.68 
ForProb. 16.45. 

Solution 

Step 1. First, determine the initial conditions. Next convert the Circuit into the s- 

domain and solve for V. Perform a partial fraction expansion and convert back 
into the time domain. For t < 0, the inductor looks like a short circuit so that v(0) 
= 0 and Íl(0) = i 0 . 



[(V-0)/(l/(Cs))] + [(V-0)/(Ls)] + [i 0 /s] = 0. 

Step 2. [Cs+(l/(Ls))]V = [C{s 2 +(l/(LC))}/s]V = -i 0 /s or 

V = -(i 0 /C)/[(s 2 +1 /(LC))]. If we let w 2 = 1/(LC) then we get, 

V = -(i 0 /C)/[(s 2 +co 2 )] = -(i 0 /C)/[(s+jco)(s-jco)] = [A/(s+jw)]+[B/(s-jco)] where 
A = —(i 0 /C)/(—j2co) = [i 0 /(2coC)]Z-90° and B = -(i o /C)/0'2®) = [i o /(2®C)]Z-90°. 
Thus, 


v(t) = [i 0 /(2coC)][e^ tot_90 °+e j “ t+9 ° ] = [i 0 /(o}C)]cos(ojt+90°)u(t) volts. 


























Chapter 16, Solution 46. 


Consider the following circuit. 



Applying KCL at node o, 

' _J_-A^ + ^_J+I V 

s + 2 2s +1 2 + 1/s 2s +1 0 

2s +1 

V ° “ (s + l)(s + 2) 

I 0 =---= — + — 

0 2s +1 (s + l)(s + 2) s +1 s + 2 

A = 1, B = -1 

1 1 
° “s+I~s + 2 


i 0 (t) = (e-‘-e- 2 ‘)u(t)A 



Chapter 16, Solution 47. 


We first find the initial conditions from the circuit in Fig. (a). 


1Q 4 Q 



i o (0 ) = 5 A, v c (0 ) = 0V 

We now incorporate these conditions in the s-domain circuit as shown in Fig.(b). 



At node o, 

1 2s s 4 + 4/s 


15 

s 

10 

s 

V = 


5 

s 


í 


1 

1 + —+ - 


A 


V 


2s 4(s + l)y 


V. 


4s 2 + 4s + 2s + 2 + s : 


4s (s +1) 
40 (s + 1) 

5s 2 +6s + 2 


_Y = 


5s 2 +6s + 2, 
4s (s +1) 


-V.. 


_ V 0 5 _ 4(s + l) 5 

° 2s + s s(s 2 + 1.2s + 0.4) + s 
5 A Bs + C 
0 s + s + s 2 +1.2s + 0.4 





4(s +1) = A(s 2 +1.2s+ 0.4) + Bs s +Cs 


Equating coefficients : 


s°: 

4 = 0.4A 

> A = 10 

s 1 : 

4 = 1.2A + C - 

-> C = -1.2A + 4 = -8 

s 2 : 

0 = A + B 

o 

I 

II 

< 

I 

II 

PQ 

t 


5 10 10s + 8 

s + s s 2 +1.2s + 0.4 
15 10(s + 0.6) 10(0.2) 

"s” - (s + 0.6) 2 +0.2 2 ~~ (s + 0.6) 2 +0.2 2 

i 0 (t) = [ 15- 10e °' 6t (cos(0.21)-sin(0.21))] u(t) A 



Chapter 16, Solution 48. 

First we need to transform the circuit into the s-domain. 


s/4 10 



Vq-3Vx , Vq- 0 , V ° s + 2 0 

s/4 5/s 10 

40V o - 120V X + 2 s 2 V 0 + sV 0 - = 0 = (2s 2 + s + 40)V G - 120V X 

s + 2 


But, V x = V n ---> V n = V x + —^- 

x ° s+2 ° x s+2 


We can now solve for V x . 


(2s 2 + S + 40) 


( 5 ^ 

v x +— 

V s + 2y 


2(s 2 + 0.5s - 40)V = -10 


120 V. 


(s 2 + 20) 
s + 2 


5s 

s + 2 


= 0 


(s 2 + 20) 

(s + 2)(s 2 +0.5s-40) 


5s 

s + 2 


V v = - 5 




Chapter 16, Solution 49. 


We first need to find the initial conditions. For t < 0, the circuit is shown in Fig. (a). 


2 Q V 



(a) 


To dc, the capacitor acts like an open circuit and the inductor acts like a short circuit. Hence, 
Íl(0) = í o =y = -ia, v 0 = -1 V 
(- 1 ) 

v c (0) = -(2)(-l) - - = 2.5 V 
V 2 J 

We now incorporate the initial conditions for t > 0 as shown in Fig. (b). 








But, 


v 0 =i 0 =i 2 


f 0 



Í1 


2 + - 

I, 

+ 

- — — 

V s ) 

1 


^2 

s J 


I, =- 

2 s + 2 


2A 

s 


For mesh 2, 

í 


1 


l + s + - 
S J 

í 


1 V G 2.5 

I 2 --L+1-^t---= 0 

s 


1 

7 Il + 


i i 

. - + S + - 

V2 s J 


h = 


2 

2.5 


— 1 


Put (1) and (2) in matrix form. 


1 1 1 

r 


5 2.5" 

2 +- --- 

I, 



s 2 s 



s + 2 s 

-1 1 1 

— + s + — 

-I 2 - 


2.5 

— -1 

L s 2 sJ 



L s J 


A — 2s + 2+ , A- 
s 


4 

-2 + — + - 


s s(s + 2 ) 


A 2 - 2s 2 +13 _A_ Bs + C 

Io = * 2 = X = (s + 2)(2s 2 +2s + 3) = s + 2 + 2s 2 +2s + 3 

-2s 2 +13 = A(2s 2 +2s + 3) + B(s 2 +2s) + C(s + 2) 


Equating coefficients : 

s 2 : - 2 = 2A + B 

s 1 : 0 = 2A + 2B + C 

s°: 13 = 3A + 2C 

Solving these equations leads to 
A = 0.7143, B =-3.429, C = 5.429 

_ 0.7143 3.429s-5.429 _ 0.7143 1.7145s-2.714 

s + 2 2s 2 + 2s + 3 s + 2 s 2 +s + 1.5 

0.7143 1.7145 (s + 0.5) (3.194 )(Vl25) 

Io “ s + 2 “(s + 0.5) 2 +1.25 + (s + 0.5) 2 +1.25 


( 1 ) 


( 2 ) 


i 0 (t) = [o.7143e' 2t -1.7145e 05t cos(1.25t) + 3.194e °' 5t sin(1.25t)]u(t) A 



Chapter 16, Solution 50. 


For the circuit in Fig. 16.73, find v(t) for / > 0. Assume that v(0 + ) = 4 V and 
i(0 + ) = 2 A. 


2Q 



Figure 16.73 
ForProb. 16.50. 

Solution 

Step 1. Determine the initial condition of the second capacitor and then convert 

the circuit into the s-domain. Finally, solve for V, perform a partial fraction 
expansion and convert the answer back into the time domain. Since v(0) = 4 volts 
and i(0) = 2 amps then -4-2(2)+vo(0) = or v 2 (0) = 8. 


2 Cl 



[(V-4/s)/(10/s)]-[F4]+[(V-8/s)/(2+2/s)] = 0 and I = [((8/s)-V)/(2+2/s)] 

= [4/(s+l)]-0.5sV/(s+l) 

Step 2. [(V-4/s)/(10/s)]+[0.125sV/(s+l)]-[l/(s+l)]+[(V-8/s)/(2+2/s)] 

[(s/10)+(0.125s/(s+l))+(0.5s/(s+l))]V = 

[0.4+4/(s+1)]+[ l/(s+1)] = (0.4s+5.4)/(s+l) 

= [(s 2 +s+6.25s)/(10(s+1))]V = [s(s+7.25)/(10(s+l))]V or 
V = 4(s+13.5)/[s(s+7.25)] = [A/s]+[B/(s+7.25)] where A = 4(13.5)77.25 = 7.748 
and B = 4(-7.25+13.5)/(-7.25) = -3.448 or 

v(t) = [7.748-3.448e _7 ' 25t ]u(t) volts. 




























Chapter 16, Solution 51. 


In the circuit of Fig. 16.74, find i(t) for 1 > 0. 


4 Q 



Figure 16.74 
For Prob. 16.51. 

Solution 

Step 1. First we note that the initial conditions for the capacitor and inductor have to be 

equal to zero. Next we simplify the circuit and then convert the circuit into the s-domain 
and solve for V. Then we can solve for I and then perform a partial fraction expansion 
and convert I back into the time domain. 



[(V-50/s)/(0.25(s+24))]+[s(V-0)/25]+[(V-0)/4] = 0 and I = [(0-V)/4] = -V/4. 

Step 2. [(4/(s+24))+(s/25)+0.25]V = [(s 2 +24s+6.25s+100+150)/(25(s+24))]V 

= [(s 2 +30.25s+250)/(25(s+24))]V 

= [{(s+15.125+j4.608)(s+15.125-j4.608)}/(25(s+24))]V = [200/(s(s+24))] or 
V = 5,000/[s(s+15.125+j4.608)(s+15.125-j4.608)] and 

I = -1250/[s(s+15.125+j4.608)(s+15.125-j4.608)] = [A/s]+[B/(s+15.125+j4.608)] 
+[C/(s+15.125-j4.608)] where A = -1250/250 = -5; 

B = -1250/[(-15.125-j4.608)(-j9.216)] = 1250Z1807[(15.811Z-163.06 o )(9.216Z-90°)] 
= 8.578Z73.06 0 ; and C = 1250Z1807[(15.811Z163.06°)(9.216Z90°)] = 8.578Z-73.06 0 . 
Thus, i(t) = [-5+8.578e^ 5 ' 125t (e d4 - 608t+73 - 06 +e j4 - 608 ^ 73 06 “)]u(t) amps 


i(t) = [-5+17.156e _ls ' 125t cos(4.608t-73.06°)]u(t) amps. 

























Chapter 16, Solution 52. 

If the switch in Fig. 16.75 lias been closed for a long time before t = 0 but is 
opened at t = 0, determine i x and vr for t > 0. 


/ = 0 



Figure 16.75 
ForProb. 16.52. 

Solution 

Step 1. Fist we need to determine the initial conditions. Just before the switch 

opens, vc(0) = 16 volts and Íl(0) = 2 amps. Next we convert the circuit into the 
s-domain. 



We can now write a mesh equation (this time going in the counter-clockwise 
direction). [s(I x +2/s)]+[8I x ]+[12I x ]+[(36/s)I x ]+(16/s) = 0 and V R = -8I X . 

Step 2. [s+8+12+(36/s)]I x = [(s 2 +20s+36)/s]I x = -2-16/s = -[2(s+8)/s] or 

I x =-2(s+8)/[(s+2)(s+18)] = [A/(s+2)]+[B/(s+18)] where 
A = —2(—2+8)/(—2+18) = -2x6/16 = -0.75 and B = —2(-l 8+8)/(—18+2) = -1.25 
thus, 

i x (t) = [-0.75e _2t -1.25e _18t ]u(t) amps and 
v R (t) = —8i x (t) = [6e _2t +10e _18t ]u(t) volts. 
























Chapter 16, Solution 53. 

In the circuit of Fig. 16.76, the switch has been in position 1 for a long time but 
moved to position 2 at t = 0. Find: 

(a) v(0 + ), dv(0 + )/dt 

(b) v(0 for t > 0. 


2 i »n 



Figure 16.76 
ForProb. 16.53. 

Solution 

Step 1. Clearly i L (0) = 0 and v(0) = 4 volts. When the switch moves to 2, ic(0 + ) = 

Cdv(0)/dt = -4/0.5 = -8 volts/second = ldv(0)/dt. Next we convert the circuit 
into the s-domain and solve for V. Then we perform a partial fraction expansion 
and then convert back into the time domain. 



[(V-0)/(0.25s)]+[(V-0)/0.5]+[(V-4/s)s/l] = 0. 

Step 2. [(4/s)+2+s]V = [(s 2 +2s+4)/s]V = 4 or V = 4s/[(s+l+jl.7321)(s+l- 

j 1.7321)] 

= [A/(s+l+j 1.7321)] + [B/(s+l-j 1.7321)] where 

A = 4(—1—j 1.7321)/(3.464Z-90°) = 4(2Z-120°)/(3.464Z-90°) = 2.309Z-30 0 and 
B = 4(2Z120°)/(3.464Z90°) = 2.309Z30 0 or 
v(t) = 2.309e" t [e" jl ' 7321t “ 30 °+e il ' 7321t+30 °]u(t) volts or 

v(t) = [4.618e“‘cos(1.7321t+30°)]u(t) volts. 
























Chapter 16, Solution 54. 


The switch in Fig. 16.77 has been in position 1 for t < 0. At t =0, it is moved from 
position 1 to the top of the capacitor at t = 0. Please note that the switch is a make 
before break switch, it stays in contact with position 1 until it makes contact with 
the top of the capacitor and then breaks the contact at position 1. Determine v(t). 



Figure 16.77 
ForProb. 16.54. 

Solution 

Step 1. First determine the initial conditions and then transform the circuit into the 

s-domain and solve for V. Then perform a partial fraction expansion and then 
find v(t). We will assume that the value of v(0) = 0. Íl(0) = 40/20 = 2 amps. 

4s 



[16/s]I + [4s](I—2/s) + 161 = 0 and V = [16/s](-I). 

Step 2. [(16/s)+4s+16]I = [4(s 2 +4s+4)/s]I = 8 or 

I = 8s/[4(s+2) 2 ] = 2s/[(s+2) 2 ] and V = -32/[(s+2) 2 ] 


v(t) = [-32te 2t ]u(t) volts. 





























Chapter 16, Solution 55. 


Obtain ii and F for t > 0 in the circuit of Fig. 16.78. 

3 Q 



Figure 16.78 
ForProb. 16.55. 


Solution 

Step 1. The first thing we do is to determine the initial conditions. Since there is 

no excitation of the circuit before t = 0, all initial conditions must be zero. Next 
we convert the circuit into the s-domain. Then use nodal analysis and eventually 
solve for F and I 2 . then perform a partial fraction expansion and convert back into 
the time domain. 



-[4/s]+[(Vi-0)/2]+[(V i-0)/s]+[(V i—0)/(s+3)] = 0 and h = [(Vj-OVs] and 
h = [(V i-0)/(s+3)]. 

Step 2. {[l/2]+[l/s]+[l/(s+3)]}Vi = 4/s = {[s 2 +3s+2s+6+2s]/[2s(s+3)]}Vi or 

Vj = 8(s+3)/[s 2 +7s+6] = 8(s+3)/[(s+l)(s+6)] and h = 8(s+3)/[s(s+l)(s+6)] 

= [A/s]+[B/(s+l)]+[C/(s+6)] where A = 8x3/6 = 4; B = 8(-l+3)/[(-l)(-l+6)] 
= -16/5 = -3.2; C = 8(-6+3)/[(-6)(-6+l)] = -24/30 = -0.8. Thus, 


i i (t) = [4-3.2e l -0.8e 6t ]u(t) amps. 

I 2 = [(Vi-0)/(s+3)] = 8/[(s+l)(s+6)] = [A/(s+l)] + [B/(s+6)] where A = 8/5 = 1.6 
and B = 8/(—6+1) = -1.6. Thus, 

Í 2 (t) = [1.6e _t -1.6e _6t ]u(t) amps. 


[4-3.2e -0.8e 6t ]u(t) amps, [1.6e -1.6e 6t ]u(t) amps 



















Chapter 16, Solution 56. 


We apply mesh analysis to the s-domain form of the circuit as shown below. 


2/(s+l) 



For the supermesh, 

f (1 ) 

1 + - I, +(l + s)I, - — + s L = 0 (2) 

V s J Vs J 

Adding (1) and (2) we get, li + I 2 = -2/(s+l) (3) 

But -li + 1 2 = 4/s (4) 

Adding (3) and (4) we get, I 2 = (2/s) - l/(s+l) (5) 

Substituting (5) into (4) yields, li = -(2/s) - (l/(s+l)) (6) 


Substituting (5) and (6) into (1) we get, 

í o \ 

2 1 „ s s 2 +1 T 2 

— +-2 +-+ - I 3 =- 

s 2 s(s +1) s + 1 ^ s J s + 1 

T 2 1.5 — 0.5 j 1.5 + 0.5 j 

1 3 —- 1 - 1 - 

s s+j s-j 





Substituting (3) into (1) and (2) leads to 


( 0 

I2 


í 0 

s + - 

+ 

s + - 

1 s; 



1 sj 


I^i — 


2Í-S 7 +2s + 2) 
s 2 (s + l) 


r 0 

I 2 _ 

f n 

2 + s + - 

s +- 

V s; 


1 s; 


h - - 


4(s +1) 


We can now solve for I 0 . 

Io = h - 13 = (4/S) - (l/(s+l)) + ((-1.5+0.5j)/(s+j)) + ((—1.5—0.5)/(s—j)) 


(4) 

(5) 


or 

i G (t) = [4 - e _t + 1.5811e -jt+161 ' 57 + 1.5811e jt “ 161 ' 57 °]u(t)A 


This is a challenging problem. I did check it with using a Thevenin equivalent circuit and 
got the same exact answer. 



Chapter 16, Solution 57. 


v s (t) = 3u(t) - 3u(t-l) or V s = — --— = —(1-e s ) 

s s s 


lfí 



y -y v 

+ SV 0 + ^ = o ^ (s + 1.5)V 0 = V s 


s(s +1.5) 


d-e- s )= - 


s + 1.5 


(l-e- s ) 


v 0 (t) = [(2 - 2e- lst )u(t) - (2 - 2e“ 1-5(t - 1) )u(t -1)] V 


(a) (3/s)[l-e- s ], (b) [(2-2e- L5t )u(t) - (2-2e , 5a - 1> )u(t-l )j V 




Chapter 16, Solution 58. 

Using Fig. 16.81, design a problem to help other students to better understand circuit analysis in 
the s-domain with circuits that have dependent sources. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

In the circuit of Fig. 16.81, let /(O) = 1 A, v o (0) = 2 V, and v s = 4 e 2t u(t) V. Find v 0 (t) 
for t > 0. 


li 



Figure 16.81 
ForProb. 16.58. 

Solution 



At the supernode, 

(4/ (s + 2)) - Vj 


+ 2 = — + - + SV n 


■+ 2 = 


1 1 

v2 + s7 


Vi+- + sV 0 


s + 2 


(i) 






























( 2 ) 


But 


V = V, + 21 and 1 = 


Vi+1 


V,. = v, + 


2(V, +1) 


V -2/s sV -2 


V = —--— = —-— 

1 (s + 2)/s s + 2 


Substituting (2) into (1) 

9 . 1 
+ 2 -- = 
s 


s + 2 

2 .11 

-+ 2 —+-= 

s + 2 s s 

2s + 4 + 2 2s + 6 


f s+2 l 

T s 1 

v 0 

2 

1 2s J 

_U + 2 ) 

s + 2 


+ s V n 




+ s 


v n 


(s + 2) s + 2 
2s + 6 


V 0 = 


V2 j 

= (s + l/2)V 0 
A 


B 


(s + 2)(s + 1/2) s + 1/2 s + 2 


A = (-1 + 6) /(—0.5 + 2) = 3.333, B = (-4 + 6)/(-2 +1/ 2) = -1.3333 
_ 3.333 1.3333 

° ~ s + 1/2 s + 2 

Therefore, 

v 0 (t) = (3.333e — - 1.3333e - )u(t) V 



Chapter 16, Solution 59. 

We incorporate the initial conditions and transform the current source to a voltage source 
as shown. 



At the main non-reference node, KCL gives 

l/(s +1) - 2/s - V 0 _ V 0 | V„ | 1 

1 + 1/s 1 s s 

s s + 1 

—r-2-sV 0 = (s +1)(1 + l/s) V 0 +- 

s + 1 s 

s s + 1 

-r —-- 2 = (2s + 2 + l/s) V 

s + 1 s 

- 2s 2 - 4s -1 

V =- 

° (s + l)(2s 2 + 2s +1) 

-s-2s-0.5 A Bs + C 

0 “(s + 1)(s 2 +s + 0.5)~s+T + s 2 +s + 0.5 

A = (s +1) V 0 1 ^—i = 1 

-s 2 -2s-0.5 = A(s 2 +s + 0.5) + B(s 2 +s) + C(s + l) 

Equating coefficients : 

s 2 : -1 = A + B -» B = -2 

s 1 : -2 = A + B + C -> C = -l 

s°: - 0.5 = 0.5A + C = 0.5 -1 = -0.5 

1 2s + 1 1 2(s + 0.5) 

v ° ~ s+T~s 2 +S + 0.5 ~ s+T~(s + 0.5) 2 +(0.5) 2 


v 0 (t) = [e'‘ -2e' t/2 cos(t/2)]u(t) V 





Chapter 16, Solution 60. 


Find the response vr(í) for t > 0 in the circuit in Fig. 16.83. Let R = 3 Q, L = 2 
H, and C= 1/18 F. 


R 

— VW\r 

+ r R ~ 


10 U{i) V 


c 


L 


Figure 16.83 
ForProb. 16.60. 


Solution 


Step 1. First convert the circuit into the s-domain. Then use nodal analysis and 

eventually solve for Vr, then perform a partial fraction expansion and convert 
back into the time domain. 



Step2. [(l/3)+(s/18)+l/(2s)]Vi = 3.333/s = [(s 2 +6s+9)/(18s)]V! or 

Vi = 60/[(s+3) 2 ] and V R = (10/s)-60/[(s+3) 2 ]. 


v R (t) = [10-60te' 3 ‘]u(t) volts. 


Thus, 



















Chapter 16, Solution 61 


The s-domain version of the circuit is shown below. 



At node 2, 

V °~ V| + XçlZ^ + s( y o _o ) = 0 -> V, =(s 2 +0.5s + 1)V o (2) 

s 2 

Substituting (2) into (1) gives 

10 = [0.5(s 2 + 2s + 2)(s 2 + 0.5s +1)V 0 - V 0 = 0.5(s 4 + 2.5s 3 + 4s 2 + 3s + 2 - 2)V 0 

V =_“_ 

° s(s’+2.5s 2 +4s + 3) 

Use MATLAB to find the roots. 

»p=[l 2.5 4 3] 

P = 

1.0000 2.5000 4.0000 3.0000 
» r=roots(p) 
r = 

-0.6347+ 1.4265Í 
-0.6347 - 1.4265Í 
-1.2306 




Thus, 


V.. =■ 


20 


0 s(s +1,2306)(s + 0.6347 + jl ,4265)(s + 0.6347 - jl .4265) 
BC D 


A 
= — + 


s (s +1.2306) (s+0.6347+ jl .4265) (s + 0.6347-jl.4265) 


Where A = 20/3 = 6.667; B 


20 


(-1.2306)(-l.2306 + 0.6347 + jl .4265)(—1.2306 + 0.6347 - jl .4265) 
-16.252 


(0.3551 + 2.035) 
C = 


= - 6.8 


20 


(-0.6347 - jl.4265)(-0.6347 - jl .4265 +1,2306)(-j2.853) 

20 20 


(1.5613Z -113.99°)(1.546Z - 67.33°)(2.853Z - 90°) 6.886Z88.68 C 


= 2.904Z-88.68 0 


D = 


20 


(-0.6347 + jl .4265)(-0.6347 + jl .4265 +1,2306)( j2.853) 
20 20 


(1.5613Z113.99°)(1.546Z67.33°)(2.853Z90°) 6.886Z - 88.68 c 


= 2.904Z88.68 C 


w 6.667 -6.8 2.904Z-88.68° 2.904Z88.68 0 

V —-1-1-1-or 

s (s +1.2306) (s +0.6347+ jl .4265) (s +0.6347-jl .4265) 


v 0 (t) = [6.667-6.8e^ 1 - 2306t +2.904e“ 0 - 6347t (e' (1 - 4265t+88 - 68 “ , +e (1 - 4265t+88 - 68 ° ) )]u(t) volts or 

= [6.667-6.8e _1 ' 2306t +5.808e _0 ‘ 6347t cos(1.4265t+88.68°)]u(t) V. 

Answer does check for initial values and final values. 



Chapter 16, Solution 62. 

Using Fig. 16.85, design a problem to help other students better understand solving for node 
voltages by working in the s-domain. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Find the node voltages v\ and V 2 in the circuit of Fig. 16.85 using Laplace transform 
technique. Assume that i s = 1 2e f u(t ) A and that all initial conditions are zero. 





Figure 16.85 
ForProb. 16.62. 

Solution 

The s-domain version of the circuit is shown below. 

4s 



At node 1, 


12 
s + 1 



Vl-V 2 

4s 


12 
s + 1 


= Vi 


1 + 


n 

4Sy 


V2 

4s 


(D 


At node 2, 































ZLZZ2 = V2 + S 

4s 2 3 2 


-> V, = Vo 


f 4 


A 


—s + 2s +1 

3 j 


Substituting (2) into (1), 


12 
s + 1 


= V, 


4 o 

-s 2 +2s + l 
3 


V , + V 

A 4sJ 


4s 


M 2 7 37 

—s +-s + - 
3 3 2y 


Vo 


V 2 = 


A Bs + C 


(s + l)(s 2 +-S + -) (s + 1) (s 2 +-s + -) 

4 8 4 8 


9 = A(s 2 +^-s + ^) + B(s 2 +s) + C(s + l) 


Equating coefficients: 


constant: 


s : 

0 = A + B 

s: 

0=-A+B+C= 
4 

it: 

9 3 

9 = —A + C= —A 
8 8 

Vo =- 

24 24s + 18 


C - > C = —A 

4 

-> A = 24, B = -24, C = -18 


24 24(s + 7/8) 


+ ■ 


3 


' (s + 1) (s 2 AsA) (s + 1) ( S + -) 2 +- ( S + -) 2 + - 
4 8 8 64 8 64 

Taking the inverse of this produces: 

v 2 (t) = [24e"‘ -24e“°' 875t cos(0.5995t) + 5.004e 08751 sin(0.5995t)]u(t)V 
Similarly, 


Vi =■ 


f 4 2 ) 

-s 2 +2s + l 

v3 J 


D Es + F 


(s + l)(s 2 + 7 s + 9 ) (s + 1) (s 2 + 7 s + 9 ) 

4 8 4 8 


f 4 


—s + 2s +1 
3 


= D(s 2 +^s + -^) + E(s 2 +s) + F(s + 1) 


Equating coefficients: 



12 = D + E 


constant: 


18 = —D + E + For6 = —D + F 
4 4 

9 3 

9 = —D + For 3=—D - > 

8 8 


- > F = 6—D 

4 

D = 8, E = 4, F = 0 


Thus, 


_ 8 4s _ 8 4(s + 7/8) _ 7/2 

(s + l) + 2 + Z s + 9 _ (s + 1) + (S + Z)2 +11 (s + — Z + — 

4 8 8 64 8 64 

V, (t) = [8e~ e +4e~°' 875t cos(0.5995t)-5.838e~ 0 875t sin(0.5995t)]a(t)V 



Chapter 16, Solution 63. 


The s-domain form of the circuit with the initial conditions is shown below. 

y 



5C 


At the non-reference node, 

4 2 V V 

— + — + 5C = — + — + sCV 
s s R sL 


6 + 5sC CV 


s 2 + 


s 1 
RC + LCJ 


V = 


5s + 6/C 


But 


s“ + (s/RC) + (1/LC) 

1 1 1 


RC 10/80 8 ’ 

LC 4/80 

5s + 480 

v = — -= 

„2 , o„ , 

5(s + 4) 

/„ . A \2 . r\2 


= 20 


(230)(2) 


1 = 


s 2 + 8s + 20 (s + 4) 2 + 2 Z ' (s + 4) 2 + 2 2 

v(t) = [5e' 4 ‘ cos(2t) + 230e' 4t sin(2t)]u(t) V 

V 5s + 480 
sL 4s(s 2 + 8s + 20) 


1.25S + 120 A Bs + C 
s (s~ + 8s + 20) s s~ + 8s + 20 

A = 6, B = -6,C = -46.75 

6 6s +46.75 6 6(s + 4) (1L375)(2) 

s s 2 + 8s + 20 s (s + 4) 2 + 2 2 (s + 4) 2 + 2 2 

i(t) = [6-6e 4 ‘ cos(2t)-11.375 e' 4t sin(2t)]u(t) A 

Checking, Ldi/dt = 4{24 e~ 4t cos(2t) + 12 e^sin^t) + 45.5 e^ 4t sin(2t) 

- 22.75 e~ 4t cos(2t)}u(t) = [5 e~ 4t cos(2t) + 230 e^sin^t)]u(t). Answer checks. 



Chapter 16, Solution 64. 


When the switch is position 1, v(0)=12, and Íl(0) = 0. When the switch is in position 2, 
we have the circuit as shown below. 


s/4 



100/s 

12/s 


lOmF = 0.01F - > 

12/5 

~7n+iõõ7s 


1 100 
sC s 
48 

s 2 +400 ’ 


V = sLI = —/ = 
4 


125 

s 2 +400 


v(t) = [12cos(20t)]u(t) V 



Chapter 16, Solution 65. 


For t > 0, the circuit in the s-domain is shown below. 

6 s i 


(2s)/(s + 



Applying KVL, 
- 2s 

s 2 +16 + 


r 

6 + s + 

V 



2 

s 


0 


(s 2 +6s + 9)(s 2 +16) 

9 T 2 2 -288 

S s s s(s + 3) 2 (s 2 +16) 

2 A B C Ds + E 

—- 1 - 1 - 1 -— -|--- 

s s s + 3 (s + 3) s +16 


-288 = A(s 4 +6s 3 +25s 2 +96s + 144) + B(s 4 +3s 3 +16s 2 +48s) 
+ C(s 3 +16s) + D(s 4 +6s 3 +9s 2 ) + E(s 3 + 6s 2 +9s) 

Equating coefficients : 


s°: 

- 288 = 144A 

(1) 

s 1 : 

0 = 96A + 48B +16C + 9E 

(2) 

s 2 : 

0 = 25A + 16B + 9D + 6E 

(3) 

s 3 : 

0 = 6A + 3B + C + 6D + E 

(4) 

s 4 : 

0=A+B+D 

(5) 


Solving equations (1), (2), (3), (4) and (5) gives 

A = -2, B = 2.202, C = 3.84, D = -0.202, E = 2.766 

. 2.202 3.84 0.202s (0.6915)(4) 

s + 3 (s + 3) 2 s 2 +16 s 2 +16 


v(t) = {2.202e' 3t + 3.84te‘ 3t - 0.202cos(4t) + 0.6915sin(4t)}u(t) V 





Chapter 16, Solution 66. 


Consider the op-amp circuit below where Ri = 20 kQ, Rt = 10 kQ, C = 50 pF, and 

y s(t) = [3e' 5t ]u(t) V. 


r 2 



At node 0, 

V-0 0-V 


R, 


V s =R t 


r 2 

uk +sC 


+ (0-V„)sC 


(-V.) 


But 

So, 


V 0 _ -1 

V s sR.C + R ,/R 2 

^ = ^ = 2, R 1 C = (20x10 3 )(50x10- 6 ) = 1 

Vq_ -1 

V s s + 2 

v s (0 = 3A 5t -> V s =3/(s + 5) 

V =---= — ^ where A = -1 and B = 1 

0 (s + 2)(s + 5) s + 2 s + 5 


s+5 s+2 


v 0 (t) = (e' 5t -e' 2t )u(t) V. 




Chapter 16, Solution 67. 


Given the op amp circuit in Fig. 16.90. If vi(0 + ) = 2 V and V2(0 + ) = 0 V, find v Q 
for t > 0. Let R = 100 kQ and C = 1 //F. r 



Figure 16.90 
ForProb. 16.67. 

Solution 

Step 1. Convert the circuit into the s-domain and insert initial conditions. Next, 

solve for V 0 (s), then obtain the partial fraction expansion and convert back into 
the time domain. , ..5 



[(V a -(V c +2/s))/(10 6 /s)]+[(V a -V o )/10 5 ] +0 = 0; V a = V b = 0 and 
[(V d -V c )/10 5 ]+[(V d -V o )/(10 6 /s)]+0 = 0; V d = V e = 0. 


Step 2. sVc + 10V o = -2 and 10V C + sV 0 = 0 or V c = -0.1sV o thus, 

(-0.1s 2 +10)V o = -2 or V 0 = 20/(s 2 -100) = [A/(s-10)]+[B/(s+10)] where 
A = 20/(10+10) = 1 and B = 20/(-10-10) = -1. This now leads to 

v 0 (t) = [e 10t -e -10t ]u(t) volts. 

It should be noted that this is an unstable circuit! 





Chapter 16, Solution 68. 

Obtain V 0 /V s in the op amp circuit in Fig. 8.91. 



For Prob. 8.68. 

Solution 

Step 1. Convert the circuit into the s-domain and then solve for V 0 (s) in terms of V s (s). 

Then solve for V 0 /V s = T(s). 



At a, V a = V b = V c = V 0 . At b, [(V b -Vd)/60k]+[(V b -0)/(5xl0 10 /s)]+0 = 0 or 
[(V o -V d )/60k]+[(V o -0)/(5xl0 10 /s)] = 0 or [(l/60k)V d = [(l/60k)+(s/(5xl0 10 ))]V o or 
V d = [(1.2xlO“Vl]V 0 . 

At d, [(V d -Vs)/60k]+[(V d -V c )/(10 1 Vs)] +(V d -V b )/60k] = 0 or 
[(2/60k)+(s/10 11 )]V d -(s/10 11 )V o -(l/60k)V o = (l/60k)V s or 
[(2/60k)+(s/10 u )] [(1.2xl0^)s+l]Vo-(s/10 11 )V o -(l/60k)V o = (l/60k)V s or 
[2+(6xl0“ 7 )s] [(1.2x10 6 )s+1]V o -(6x10“ 7 )sV o -Vo =V s or 
[7.2xl0 _1 ¥+(2.4xl0“ 6 +0.6xl0~ 6 A).6xl0“ 6 )s+(2-l)]V o = V s or 

T(s) = V 0 /V s = 1/[(7.2x10“13)s 2 +(2.4x10“ 6 )s+1]. 





Chapter 16, Solution 69. 

Find 1 1 (s) and l 2 (s) in the following circuit. 



Solution 


Step 1. We note that the initial conditions in this case are equal to zero. Next, we 

need to convert the circuit into the s-domain and use the model for mutually 
coupled circuits. Then we can write the mesh equations and solve for li and I 2 . 


10/(s+3) 



1 O 


Step 2. —[10/(s+3)] + 2sli + SI 2 + 1(1 1 — 12 ) = 0 and 

1 (1 2 — 1 1 ) + 2sI 2 + si 1 + II 2 = 0. Simplifying we get, 

(2s+l)Ii + (s-l)I 2 = 10/(s+3) and (s-l)Ii + (2s+l)I 2 = 0. 

We can solve this directly using substitution or use matrices. Let us use matrices. 

The matrix inverse 


~2s + 1 

s-1 

V 


10 

s-1 

2s + 1 

_l 2 \ 


(s + 3) 

0 


s — 1 2s + l 
Therefore, 




"2s + l 

— s +1 


"2s + l 

— s +1 

2s + l s-1 

-1 

— s +1 

2s + 1 


— s +1 

2s + l 


4s~ + 4s + l-s~ +2s-l 


3s(s + 2) 


li = 6.667(s+0.5)/[s(s+2)(s+3)] and 
I 2 = -3.333(s-l)/[s(s+2)(s+3)] 


6.667(s+0.5)/[s(s+2)(s+3)],-3.333(s-l)/[s(s+2)(s+3)] 





Chapter 16, Solution 70. 


Using Fig. 16.93, design a problem to help other students better understand how to do circuit 
analysis with circuits that have mutually coupled elements by working in the s-domain. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

For the circuit in Fig. 16.93, find v 0 (t) for t> 0. 


I II 


6m(0 



1 II 2 Q 



+ 


O 


Figure 16.93 
ForProb. 16.70. 


Solution 


Consider the circuit shown below. 


s 



For mesh 1, 

6 


s 


— (1 + 2s) Ij + s I 2 


( 1 ) 


For mesh 2, 


0 — slj +(2 + s)I 



( 2 ) 





















Substituting (2) into (1) gives 
6 

- = -(l + 2s)| 


f 2 a 

1 + - 

V s J 


^2 S ^2 — 


-(s 2 +5s + 2) 


I, 


or 


s 2 +5s + 2 


V =21, = 


-12 


-12 


2 „2 


s +5s + 2 (s + 0.438)(s + 4.561) 


Since the roots of s 2 + 5s + 2 = 0 are -0.438 and -4.561, 


V = 


A 


B 


0 s +0.438 s +4.561 


-12 

A = —— = -2.91, 
4.123 


-12 

B = —— = 2.91 
-4.123 


-2.91 2.91 

V (s) = -+- 

oV ' s + 0.438 s + 4.561 


,(t) = 2.9l[e' 4 ' 5611 -e 


0.4381 


] u(t) V 



Chapter 16, Solution 71. 

Consider the following circuit. 



Let 


4 (8)(4/s) 8 

s 8 + 4/s 2s + l 


When this is reflected to the primary side, 
Z, 

Z in =l + -r, n = 2 
n 

2 2s + 3 
^ + 2s +1 2s +1 


10 _l_10- 2s + l 

°“s+T’z~“s+T'2s + 3 

10s + 5 A B 
0 = (s + l)(s + 1.5) = s+T + s +1.5 


A = -10, B = 20 


I 0 (s) 


-10 20 
s + 1 s + 1.5 


i o (t)=10[2e 1 ' 5t -e- t ]u(t)A 




Chapter 16, Solution 72. 


Y(s) = H(s) X(s), X(s) = —= —— 

s + 1/3 3s + l 


Y(s) 

Y(s) 


12s 2 4 8s + 4/3 

(3s + l) 2 ~ 3 _ (3s +1) 2 
4 8 s 4 1 

3~9’(s + l/3) 2 " 27 '(s + 1/3) 2 


Let G(s) 


-8 s 
9 '(s + 1/3) 2 


Using the time differentiation property, 
" -8 d -8 

g(t) = — • — (te ^ 3 ) = — 

SU 9 dt ’ 9 


(-1 
— te' t/3 
v 3 


+ e 


■t/3 


_ 8 _ 

27 


O , ÍQ O /Q 

g(t) = — te _t/ e /3 


8 

— I 

9 


/ 


Hence, 


y(t) 


4 8 

— + — te 
3 27 


t/3 



4 

- te 

27 



u(t) 


y(t) 


4 

3 





u(t) 



Chapter 16, Solution 73. 


1 

x(t) = u(t) - > X(s) = - 

s 

10s 

y(t) = 10cos(2t) -> Y(s) = ^^- 


H(s) = 


Y(s) 

X(s) 


lOs 2 

s 2 +4 



Chapter 16, Solution 74. 


Design a problem to help other students to better understand how to find outputs when given a 
transfer function and an input. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

A circuit is known to have its transfer function as 


H(s) = 


5 + 3 


s +45 + 5 


Find its output when: 

(a) the input is a unit step function 

(b) the input is 6 te 2> u(t). 

Solution 

(a) Y(s) = H(s)X(s) 


s + 3 1 

s 2 + 4s + 5 s 

s + 3 A Bs + C 

s(s 2 +4s + 5) s s 2 + 4s + 5 
s + 3 = A (s 2 + 4s + 5) + Bs 2 + Cs 

Equating coefficients : 

3 = 5A -> A = 3/5 

1 = 4A + C -> C = l-4A = -7/5 

0 = A + B -> B = -A = -3/5 

3/5 1 3s + 7 

s 5 s 2 +4s + 5 
06 1 3 (s + 2) +1 

s _ 5 ' (s + 2) 2 +1 


Y(s) = 
Y(s) = 


y(t) = [o.6-0.6e' 2t cos(t)-0.2e' 2t sin(t)]u(t) 



(b) x(t) = 6te~ 2t 


X(s) = 


6 

(s + 2) 2 


Y(s) = H(s)X(s) = 


s + 3 6 

s 2 +4s + 5 (s + 2) 2 


Y(s) = 


6(s + 3) _A_ B 

(s + 2) 2 (s 2 +4s + 5) " s + 2 + (s + 2) 2 + 


Cs + D 
s 2 + 4s + 5 


Equating coefficients : 

s 3 : 0 = A + C -> C = -A (1) 

s 2 : 0 = 6A + B + 4C + D = 2A + B + D (2) 

s 1 : 6 = 13A + 4B + 4C + 4D = 9A + 4B + 4D (3) 

s°: 18 = 10A + 5B + 4D = 2A + B (4) 


Solving (1), (2), (3), and (4) gives 
A = 6 , B = 6, C = -6, D = -18 


Y(s) = 


s + 2 (s + 2) 2 


Y(s) = 


s + 2 (s + 2) 2 


6s + 18 
(s + 2) 2 +1 
6(s + 2) 6 

(s + 2) 2 +1 _ (s + 2) 2 +1 


y(t) = [óe' 2t + 6te 2t -6e 21 cos(t)-6e' 2t sin(t)]u(t) 



Chapter 16, Solution 75. 


H(s) = 


Y(s) 
X(s) ’ 


X(s) = - 
s 


4 

Y(s) = —+ 
s 


1 

2(s + 3) 


2s 

(s + 2) 2 +16 


(3)(4) 

(s + 2) 2 +16 


H(s) = sY(s)=4 + —— 
2(s + 3) 


2s(s + 2) 12 s 

s 2 +4s + 20 s 2 +4s + 20 



Chapter 16, Solution 76. 


Consider the following circuit. 



Using nodal analysis, 

kV -V V V 

s o _ T O _|_ o 

s + 2 ~ 4 10/s 

( 1 1 c A ( 1 1 A 

V = (l/k)(s + 2) -+ - + — V 0 =(l/k) l + -(s + 2) + — (s 2 +2s) V 0 

s {s + 2 4 10 j { 4 10 J 

V =— Í2s 2 +9s + 30)v o 

s 20k v ’ 0 


Y = 10k/(s 2 +4.5s+15) 




Chapter 16, Solution 77 


Consider the following circuit. 



At node 1, 


21 + 1 = 


Yí 

s + 3 ’ 


V -V 
where I = s ! 


2/s 


3- 


v s -v, V, 


2/s s + 3 


V, 3s 3s 
—— = —V - — V 
s+3 2 s 2 1 


1 3s 

U + 3 + 2) 


3s 

V =—V 

v, 2 v s 


3s(s + 3) 

V =---— V 

1 3s 2 +9s + 2 s 


V = 


s + 3 


V,= 


9s 


3s 2 + 9s + 2 


V 


H(s) 


V 0 _ 9s 

V s 3s 2 +9s + 2 




Chapter 16, Solution 78. 

Taking the inverse Laplace transform of each term gives 
h{t) = (5e'-3e- 2 ' +6e~ 4, )u(t) 



Chapter 16, Solution 79. 


(a) Consider the circuit shown below. 


3 2s 



For loop 1, 

V s = 

For loop 2, 


' 2" 

3 + — 
v sy 


2 


4V„ + 


2 

2s + — 

V s J 




But, V x = (li -1 2 ) 


Vs2 


So, -(I 1 -I 2 ) + 


0 = — I, + 
s 


2 

2s + 

v s J 
\ 


'a 1 - 0 


6 

— 2s 
Vs J 


F 


In matrix form, (1) and (2) become 


1 

_1 


"3 + 2/s 

- 2/s 

V 

1 

o 

1_ 


-6/s 

6/s-2s_ 

-I 2 - 


A 

A 




V s As J 


18 

s 


-6s-4 


f AAV 


Vs/Vs/ 


A,= 


f6 

— - 2s 
vs 


V s , 


A 3- V s 


A, _ (6/s-2s) 

A 18/s - 4-6s Vs 


( 1 ) 


( 2 ) 




I t 3/s-s _ s 2 -3 

V s “ 9/s-2-3 _ 3s 2 +2s-9 


(b) 



V x 

V x 


2 2 

-(Ii-I 2 )- 

s s 


^1 ^2 
A 


2/sV s (6/s-2s-6/s) -4V s 


A 


A 


I 2 _6/sV s _-3 

V x - 4V S 2s 



Chapter 16, Solution 80. 


(a) Consider the following circuit. 



At node 1, 

v s -v 1 


1 


V.. = 


= s V, + ■ 


V, - V 


1 + s + - 

V S J 


V, --V 


( 1 ) 


At node o, 

^^ = s Vo+V o =(s + l)V 0 
V, = (s 2 + s +1) V 0 

Substituting (2) into (1) 

V s = (s +1 +1/s)(s 2 + s +1) V 0 - l/s V G 
V s = (s 3 +2s 2 +3s + 2)V 0 

TT , Vq 1 

1 Sj V s s 3 +2s 2 +3s + 2 

(b) I s = V s - V, = (s 3 + 2s 2 + 3s + 2)V 0 - (s 2 + s + 1)V 0 
I s = (s 3 +s 2 +2s + l)V 0 


V 

H 2 (s) = = 


L s +s'+2s + l 


(c) 


° 1 


H 3 (s) = y l = y l =H 2 (s) = 


+ s 2 +2s + l 


( 2 ) 




(d) H 4 (s) = ^ = ^ l = H 1 (s) = 


s 3 + 2s 2 + 3s + 2 



Chapter 16, Solution 81. 


For the op-amp circuit in Fig. 16.99, find the transfer function, T(s) = I 0 (s)/V s (s). 
Assume all initial conditions are zero. 



Figure 16.99 
For Prob. 16.81. 


Solution 


Step 1. Convert the circuit into the s-domain. The write the node equations at the 


input to the op amp and solve for T(s). 


l/(Cs) 



[(V a -Vs)/R]+[(Va-Vc)/(l/(Cs))]+0 = 0; V a = V b = 0 and I Q = (V c -0)/(Ls). 
Step 2. CsV c = -V s /R or V c = -V s /(RCs) and I G = -V s /(RLCs 2 ) or 

T(s) = -l/(RLCs 2 ). 





Chapter 16, Solution 82. 

Consider the circuit below. 


V s 


Since no current enters the op amp, I 0 flows through both R and C. 


V 


o 





= sRC + 1 




Chapter 16, Solution 83. 


(a) 


H(s) = 


Vo 

V 


R 

R + sL 


R/L 

s + R/L 



u(t) 


(b) v s (t) = u(t) -» V s (s) = l/s 

R/L R/L A B 

V ° “s + R/L Vs “ s (s + R/L) ” s + s + R/L 

A = 1, B = -1 

1 1 

V =--- 

° s s + R/L 

v 0 (t) = u(t)-e~ Rt/L u(t) = (l-e' Rt/L )u(t) 



Chapter 16, Solution 84. 

Consider the circuit as shown below. 



Tr .5 + 4 n 2 2 45 + 2 

* —) = — 7 " 1 " - - - :- 77 

45 5 + 1 5 5(5 + 1) 


V V 2 
I s = — + — — 

5 4 5 5 


But 


Is ~ 


5 + 1 


5 + 1 


= K 


1 1 

—+ - 
4 5 


2 

5 


8(25 + 1) 

~(5 + l)(5 + 4) 

r V 8(25 + 1) ABC 

I L =- £ - = --— = —+-+- 

5 5(5 +1)(5 + 4) 5 5 + 1 5 + 4 


A = 


8 ( 1 ) 

( 1 )( 4 ) 


= 2 , ^^>= 8 / 3 , 

(- 1 )( 2 ) 

V 2 8/3 -14/3 


Ir =-*-=- + 


- + - 

5 + 1 5 + 4 


4(0 = 


„ 8 , 14 

2 + -e - e 


-At 


u(t) 


8(—8 + 1 ) 
(-4)(-3) 


-14/3 



Chapter 16, Solution 85. 


5+4 A B C 

H(s) — -^ —-1-1-y 

(5 + l)(5 + 2) 2 5+1 5 + 2 (5 + 2) 2 

5 + 4 = A(5 + 2) 2 + 5(5 + l)(5 + 2) + C(5 + l) = A(5 2 + 25 + 4) + 5(5 2 +35 + 2) + C(5 + l) 

We equate coefficients. 

s 2 : 0=A+B or B=-A 

s: 1 =4 A+3 B +C=B+C 

constant: 4=4A+2B+C =2A+C 

Solving these gives A=3, B=-3, C=-2 


5 + 1 


3 2 

5 + 2 (5 + 2) 2 


h(t) = ( 3e ’ - 3e 2t -2 te 2, )u(t) 



Chapter 16, Solution 86. 


in i(t) 



1H 


First select the inductor current i L and the capacitor voltage vc to be the State variables. 
Applying KVL we get: 

— u(t) + i + v c +i'=0; i = v c 

Thus, 

v c =i 

i =-v c -i + u(t) 



ii(t); i(t) = 


[o lf V . c l+[o]u(t) 

1 


Finally we get. 




Chapter 16, Solution 87. 

Develop the State equations for the problem you designed in Prob. 16.13. 

Although there is no correct way to work this problem, this is an example based on the same 
kind of problem asked in the third edition. 

Problem 

Develop the State equations for Problem 16.13. 

Chapter 16, Problem 13. 


Solution 


Find vx in the circuit shown in Fig. 16.36 given v* = Au(f) V. 



Figure 16.36 


1H 


1/8 F 


4u(t) 



4Í2 


First select the inductor current Íl and the capacitor voltage vc to be the State variables. 


Applying KCL we get: 
















- 6 + — + — = 0; or v r = 8 i, - 4v r 

2 8 C L x 

i L =4u(t)-v x 

v x = v c + 4 — = v c +— = v c +4 i L -2v x ; or v x = 0.3333v c +1.3333i t 
8 2 

v c = 8 i L -1.3333v c -5.333 i L = -1.3333v c + 2.666 i L 
i L = 4u(t) -0.3333v c -1.3333 i l 

Now we can write the State equations. 


"vc" 


-1.3333 

2.666 " 

"vc 

_Íl. 


-0.3333 

-1.3333 




u(t); v x 


[0.3333 1.3333] Vc , 
IílJ 



Chapter 16, Solution 88. 


7* 


I li 



í J 


First select the inductor current i L (current flowing left to right) and the capacitor 
voltage vc (voltage positive on the left and negative on the right) to be the State variables. 

Applying KCL we get: 


“~ + \ + ÍL=0or Vc= 4í l + 2 v 0 

4 =v 0 -v 2 

v 0 = -V C + V 1 
v c = 41 L - 2v c + 2v, 


i L 


0 -1 

J L 


1 -1 

v t (t) 

V 


4 -2 

v c 


2 0 

v 2 (t) 


V„(t) = [o 



+ 


[1 0 ] 


Vj(t) 

v 2 (t) 

























Chapter 16, Solution 89. 


I H 



First select the inductor current Íl (left to right) and the capacitor voltage vc to be the 
State variables. 

Letting v 0 = vc and applying KCL we get: 


- i, + v c + - 4 = 0 or v c = -0.25v c + i, + i s 


h=-v c +v s 


Thus, 



-0.25 1 

V 

+ 

0 

1 " 

v s 

-1 0 

>L. 


1 

0 

.'s. 


v.(t) 


1 

v c 

+ 

0 

0 

0 

*L 


0 

oj 




























Chapter 16, Solution 90. 



■ 


First select the inductor current Íl (left to right) and the capacitor voltage vc (+ on the 
left) to be the State variables. 


Letting i i = — and i 2 = Íl and applying KVL we get: 
4 

Loop 1: 


- \\ + v c + 2 


= 0 or v c = 4 i L - 2v c + 2v y 


Loop 2: 


Vc" 
l, —- 


V 


J 


+ L + v 2 = 0 or 


4i L - 2v c + 2v, 


ir = -2i, + ——-- -v 0 = —v c + \\ - v 2 


h = 


4i L -2 v c + 2v 


- = íl -0.5v c +0.5vj 


i L 

_ 

0 

-1 

J L 

+ 

1 

-1 

Vj(t) 

9 

i i (t) 

_ 

1 

-0.5 

i L 

+ 

0.5 

0 

Vc 


4 

-2 

V C 


2 

0 

V 2 (t) 


i 2 (t) 


1 

0 

v c 


0 

0 


v,(t) 

v 2 (t) 


































Chapter 16, Solution 91. 


Let xi = y(t). Thus, k x = y = x 2 and x 2 = y = -3x x -4x 2 + z(t) 
This gives our State equations. 


1 

_1 


i 

O 

1_ 

1 

X 

1_ 

+ 

1 

O 

1 _ 

1*2 J 


1 

1 

1 

4- 

L X 2j 


IAI 


z(t); y(t) = [l o| 


1 +[0]z(t) 



Chapter 16, Solution 92. 


Let x 1 = y(t ) and x 2 = i, - z = y - z or y = x 2 + z 

Thus, 

i 2 = y-z = -9x l - 7(x 2 + z) + z + 2z-z = -9x x -lx 2 - 5 z 
This now leads to our State equations, 





Chapter 16, Solution 93. 


Let xi = y(t), x 2 = x t , and x 3 = x 2 . 


Thus, 


x 3 = -6x { -1 lx 2 - 6 x 3 + z(t ) 


We can now write our State equations. 


1 


1- 

O 

t-H 

O 

1 _ 

-1 

_1 


1 

o 

1 _ 


1 

1 

X 2 

_ X 3_ 


0 0 1 

-6 -11 -6 

1 

X X 
_ 1 

+ 

0 

i 

z(t);y(t) = [l 0 O] 

X 2 

_ X 3_ 


+ [0]z(t) 



Chapter 16, Solution 94. 


We transform the State equations into the s-domain and solve using Laplace transforms. 


sX(s) - x(0) = AX(s) + BÍ-1 


vs ) 


Assume the initial conditions are zero. 


(si - A)X(s) = bÍ-1 


X(s) 


vs; 


s + 4 - 4 

-1 

"o" 

f- 

1 

s 4 

0 

2 s 


2 

vS, 

s 2 +4s + 8 

2 s + 4 

(2/s)_ 


Y(s) = X 1 (s)=—- 

s(s + 4s + 8) 

1 -s-4 1 

-“ +- 7 - 2 — l ~ 

s (s + 2y + Ir s 


1 -s-4 

~~ + ~2 - 

s s 2 +4s + 8 

-(s + 2) | -2 

(s + 2) 2 + 2 2 (s + 2) 2 + 2 2 


y(t) = (l-e 2, (cos2t + sin2t))u(t) 



Chapter 16, Solution 95. 


Assume that the initial conditions are zero. Using Laplace transforms we get, 


X(s) = 


s + 2 

i i 

-1 

"1 

f 

'l/s' 

1 

s + 4 

-l T 

-2 

s + 4 


4 

0 

_2/s J 

s 2 +6s + 10 

2 

s + 2 


3/s 

4/s 


Xi = 


3s + 8 

s((s + 3) 2 +1 2 ) 


08 -0.8s -1.8 

s + (s + 3) 2 +1 2 


— -08- S + 3 +.6- \ -- 

s (s + 3) 2 +1 2 (s + 3) 2 +1 2 


Xj(t) = (0.8 -0.8e 3t cost + 0.6e 3 t sint)u(t) 


4s +14 _ 1.4 | -1.4S-4.4 

2 s((s + 3) 2 +1 2 s + (s + 3) 2 +1 2 


L4 

s 


1.4 


s + 3 


(s + 3) 2 +1 2 


-02 


(s + 3) 2 +1 2 


X 2 (t) = (1.4-1.4e 3t cost-0.2e 3t sint)u(t) 

y i (t) = -2xj(t) - 2x 2 (t) + 2u(t) 

= (-2.4 + 4.4e“ 3 ‘ cos t - 0.8e“ 3t sin t)u(t) 


y 2 (t) = x j (t) - 2u(t) = (-1.2 - 0.8e 3t cos t + 0.6e 3t sin t)u(t) 


[_2.4 + 4.4e~ 3t cos(t) - 0.8e^ 3t sin(t)]u(t), [-1.2 - O.8e~ 3t cos(t) + 0.6e^ 3t sin(t)]u(t) 



Chapter 16, Solution 96. 


If V 0 is the voltage across R, applying KCL at the non-reference node gives 


V V 

'• = ¥ +sCV ° + Z= 


1 1 

VR +SC + ^Ü 


V 


V = 


I 


sRLI 


1 „ 1 sL + R + s 2 RLC 

— + sC + — 

R sL 


V sLI 

j_o__s_ 

° “ R “ s 2 RLC + sL + R 


H(s) = ^ = 


sL 


s/RC 


I s RLC + sL + R s + s/RC + 1/LC 


The roots 

s _^_ + 

'■ 2 2RC \ (2RC) 2 LC 

both lie in the left half plane since R, L, and C are positive quantities. 


Thus, the Circuit is stable. 



Chapter 16, Solution 97. 


(a) 

H(S) = H - (S)H = (S) =(^I^ 

h(.)=L'[H(s)]=L-(^ T + ^] 

A = 1, B = -1 

h(t) = (e’‘ -e' 4t )u(t) 

(b) Since the poles of H(s) all lie in the left half s-plane, the System is stable. 



Chapter 16, Solution 98. 

Let V 0l be the voltage at the output of the first op amp. 


V o1 _-1/sC_ -1 

V s R sRC ’ 


H(s) 


X 


i 

s 2 R 2 C 2 


Vq _ -1 

V ol sRC 


h(t) 


t 

R 2 C 2 


lim h(t) = oo, i.e. the output is unbounded. 

t-»oo 

Hence, the Circuit is unstable. 



Chapter 16, Solution 99. 



1 

If R = 1 kQ, C =-= 

2R 



500 pF 
333.3 H 



Chapter 16, Solution 100. 

The circuit is transformed in the s-domain as shown below. 


l/sC 2 





Chapter 16, Solution 101. 


We apply KCL at the noninverting terminal at the op amp. 
(V s - 0) Y 3 = (0- V 0 )(Y 1 - Y 2 ) 
Y 3 V s =-(Y 1+ Y 2 )V 0 

Vq_ -y 3 

v s Y, + Y 2 


Let Y, = sCj, Y 2 = 1/R, , Y 3 = sC 2 
V 0 _ -sC 2 _ -sC 2 /C, 

V s sC, +1/R.J s + 1/R,C, 


Comparing this with the given transfer function, 


c. 


= i, 


i 


R.C, 


= 10 


If R, = 1 kíl, 


C, =C„ = 


10 4 


100 pF 



Chapter 16, Solution 102. 


Consider the circuit shown below. We notice that V 3 = V u and V 2 = V, = V () . 


Y 4 



At node 1, 

(V in -■V.) Y, = (V, - V o )Y 2 +(Vj - V o )Y 4 

V in Y, = V, CY, + Y 2 + Y 4 ) - V 0 (Y 2 + Y 4 ) (1) 


At node 2, 

(V 1 -V o )Y 2 =(V o -0)Y 3 

V 1 Y 2 =(Y 2 +Y 3 )V o 


y 2 + y 3 

V = —-— V 

Y, 0 


( 2 ) 


Substituting (2) into (1), 

V in Yj = ' (Y, + Y 2 + Y 4 ) V o - V o (Y 2 + Y 4 ) 

1 2 

VinY.Y, = V 0 (YjY 2 + Y 2 + Y 2 Y 4 + Y,Y 3 + Y 2 Y 3 + Y 3 Y 4 - Y 2 - Y 2 Y 4 ) 


V Y Y 

v o_ 1 1 x 2 _ 

V YY+YY+YY+YY 

v in 1 1 1 2 ^ 1 1 1 3 ^ 1 2 1 3 ^ 1 3 1 4 


Y, and Y 2 must be resistive, while Y 3 and Y 4 must be capacitive. 


Let 




y 3 


= sCj, 


Y 4 =sC 2 


Vç 

v ; „ 


RjR : 


1 


SC, . SC 1 . ,2 


r,r 2 r, 


+ s C.C, 

R, 1 2 








1 


Vo 

Vo. 


R 1 R 2 C 1 C 2 

" r, +r 2 ^ 1 

v R i R 2 c J R,R 2 C 1 C 2 


Choose Rj = 1 kQ, then 


-= 10 6 

R 1 R 2 C 1 C 2 


and 


R 1 + R 2 

R i R 2 C 2 


= 100 


We have three equations and four unknowns. Thus, there is a family of Solutions. One 
such solution is 


R 2 =lkQ, Cj=50nF, C 2 = 20 |aF 



Chapter 16, Solution 103. 

Using the result of Practice Problem 16.14, 

V 0 _ -Y t Y 2 

V, Y 2 Y, + Y 4 (Yj + Y 2 + Y 3 ) 

When Y, =sC,, C, = 0.5 pF 

1 

Y, = —, R, = 10 kQ 

2 R t 1 

Y 3 = Y,, Y 4 = sC 2 , C 2 = 1 |uF 

Vq_ -sQ/R. _ -SC.R, 

V, 1/Rf+ sC 2 (sC,+2/R 1 ) 1 + sC 2 R i (2 + sC 1 R 1 ) 

v o _ -SC.R. 

V ; s 2 C i C 2 R 2 + s-2C 2 R, +1 

_ - s(0.5 x 10" 6 )(10x 10 3 ) _ 

V, “ s 2 (0.5 x 10‘ 6 )(lx 10' 6 )(10x 10 3 ) 2 + s(2)(lx 10" 6 )(10x 10 3 ) +1 
V 0 -lOOs 

V~~s 2 +400s + 2x10 4 

Therefore, 

a = -100, b = 400, c = 2 x 10 4 



Chapter 16, Solution 104. 


(a) 


Let 


Y(s) 


K(s +1) 
s + 3 


Y (qo) = lim 

S—>oo 


K(s +1) 
s + 3 


i.e. 0.25 = K. 


K (1 + 1/s) 

lim- - — 

S->00 1+3/S 


K 


Hence, Y(s) 


s + 1 
4 (s + 3) 


(b) 


Consider the circuit shown below. 



Y s 


V s =8u(t) -> V s = 8/s 

1 = Y = Y(s)V s (s ) 

A B 

I = —+- 

s s + 3 

A = 2/3, B = 2(—3+1)/(—3) = 4/3 
i(t) = i[2 + 4e- 3t ]u(t)A 


8 s + 1 2 (s + 1) 
4s s + 3 s (s + 3) 





Chapter 16, Solution 105. 


The gyrator is equivalent to two cascaded inverting amplifiers. Let Vj be the voltage at 
the output of the first op amp. 


-R 

V = —V = -V 
1 R 1 


V 


o 


-1/sC 

V, 


1 

-V. 

sCR 1 


V V 

j _ o _ o 

° ~~R~ sR 2 C 
V 

—^ = sR 2 C 

A o 

V , , 

^- - sL, when L = R C , so if you let L = R"C then V 0 /I 0 = sL. 



Chapter 17, Solution 1. 


(a) This is periodic with co = n which leads to T = 2n/<x> = 2. 

(b) y(t) is not periodic although sin t and 4 cos 2nt are independently 
periodic. 

(c) Since sin A cos B = 0.5[sin(A + B) + sin(A - B)], 

g(t) = sin 3t cos 4t = 0.5 [sin 7t + sin(-t)] = -0.5 sin t + 0.5 sin7t 

which is harmonic or periodic with the fundamental frequency 
co = 1 or T = 2tt/co = 2 n. 

(d) h(t) = cos 2 1 = 0.5(1 + cos 2t). Since the sum of a periodic function and 
a constant is also periodic, h(t) is periodic. co = 2 or T = 2n/(0 = n. 

(e) The frequency ratio 0.610.4 =1.5 makes z(t) periodic. 

co = 0.2n or T = 2n/co = 10. 

(f) p(t) = 10 is not periodic. 

(g) g(t) is not periodic. 



1 


Chapter 17, Solution 2. 

The function f(t) lias a DC offset and is even. We use the following MATLAB code to 
plot f(t). The plot is shown below. If more terms are taken, the curve is clearly indicating 
a triangular wave shape which is easily represented with just the DC component and 
three, cosinusoidal terms of the expansion. 

for n=l:100 
tn(n)=n/10; 
t=n/10; 
yl=cos(t); 
y2=(l/9)*cos(3*t); 
y3=(l/25)*cos(5*t); 
factor=4/(pi*pi); 
y(n)=0.5- factor*(yl+y2+y3); 

end 

plot(tn,y) 








Chapter 17, Solution 3. 


T = 4, C0o = 2n/T = n/2 

g(t) = 5, 0 < t < 1 

10, 1 < t < 2 

0, 2 < t < 4 

a D = (l/T)Jg(t)dt = 0.25[ J5dt + JlOdt] = 3.75 


Í t pi riTr r2 n TT 

g(t)cos(nco 0 t)dt = (2/4)[ j o 5cos(—t)dt + | i 10cos(—t)dt] 


_ 2 . mr 

0.5[5 — sin — t 
im 2 


2 . nn 
+ 10 — sin — t 
nn 2 


] = (-l/(mt))5 sin(mt/2) 


a n = (5/(n7t))(-l) (n+1)/2 , n = odd 

0, n = even 


b n = (2/T) £g(t) sin(nco 0 t)dt = (2/4)[ j^5 sin(^ t)dt + 10sin(^t)dt] 


= 0.5[ 


- 2x5 mt 

-cos — t 

nn 2 


i 

o 


2x10 

mt 


mt 

cos — t 
2 


] = (5/(n;t))[3 - 2 cos mt + cos(mt/2)] 


n 


b n 

A„ 

phase 

1 

-1.59 

7.95 

8.11 

-101.31 

2 

0 

0 

0 

0 

3 

0.53 

2.65 

2.70 

-78.69 

4 

0 

0.80 

0.80 

-90 

5 

-0.32 

1.59 

1.62 

-101.31 

6 

0 

0 

0 

0 

7 

0.23 

1.15 

1.17 

-78.69 

8 

0 

0.40 

0.40 

-90 






Chapter 17, Solution 4. 

f(t) = 10 — 5t, 0 < t < 2, T = 2, C0o = 2tt/T = n 

a 0 = (1/T) Jf(t)dt = (1/2) J 2 (10 - 5t)dt = 0.5[10t - (5t 2 / 2)][ = 5 

a n = (2/T) [ f(t) cos(nco o t)dt = (2/2) [ (10 - 5t) cos(n7tt)dt 

J0 J 0 

= [ (10) cos(n7rt)dt - [ (5t) cos(n7it)dt 

J 0 

_ 2 _ 2 

— 5 5t 2 2 

= , 2 cos imt + —sinn7rt = [-5/(rr7T)](cos 2n7t - 1) = 0 

n n~ 0 mr 0 

b n = (2/2) [ (10 - 5t) sin(n7rt)dt 

= [ (10) sin(n7rt)dt- [ (5t) sin(n7rt)dt 

J0 J 0 

5 2 5t 2 

= 2 2 sin nrct + —cosimt = 0 + [10/(n7t)](cos 2n7t) = 10/(n7t) 

n"7i: 0 mt 0 

10 00 1 

f(t) = 5 +— Y-sin(n7it). 


Hence 



Chapter 17, Solution 5. 


T = 2n, co = 2 tc/T = 1 


a B = — f = —[2 jc^t - 4.x:^] = -1 

r o 

a n = — \z(t)cos(nco 0 )dt =—\2cos(nt)dt —— \4cos(nt)dt = — -sin(ní) --^—sin(nt) I”* =0 

T • n\ n J 77^" nn n 

0 0 7T 

b n = — j z(t)sin(nco o )dt =—^2sin(nt)dt —- J4sin(77í)cft = - — cos(tzí) |^+ — cos(tzí) |~" 


——-, 77 = odd 
n Ti 

0, 77 = eve72 


00 12 

z(t) = -l+ V —sin(nt) 
7TÍ nn; 

n=odd 



Chapter 17, Solution 6. 


T=2n, co 0 =27t/T = 1 


-i T -i n 2n -i 

a 0 = — J f(t)dt = — J 5dt+ J 10dt = —(5;r + 10;r) = 7. 


T n 2 n 

a n =-Jf(t)cosn« 0 tdt =— j5cosntdt+ J lOcosntdt =0 


2 n 

í lOsinntdt 

1 

cosnt 

n 1 

—cosnt 

2 n 

J 

n 

n 

n 

0 n 

n 


c f 10 ^ 

5 r -, n = odd 

— cos^-n-1 =«^ r\x 
n^ L J n 

0, n = even 


Thus, 


® i n 

f(t) = 7.5 — ^ —sinnt 

n=odd rin 



Chapter 17, Solution 7. 


T = 3, co 0 = 2kI T= 2kI 3 


a 0 =^Jf(t)dt = ^ J2dt +J(-])dt 


= 3 ( 4-* = l 


2 r 2rwt 2 
a n =-jf(t)cos—— dt = - 


J 2cos-^ídt+J (—H)c 


-JJCOS- 


2rvrt 


dt 


_ 3 . 2nnt 

2 -sin- 

2mt 3 


. 3 . 2n7rt 

-1-sin- 


2n7t 


3 . 4nn 

= —sin- 

im 3 


:Jf(t)sin 


. 2rvrt 


dt = — 
3 3 


J 2sin^^dt+J(-])sin^- l ^ : dt 


. 2rvrt 


2 

3 

1 ' 


_ 3 2rvrt 

-2x-cos- 


im 


2n^- 

4nn 3 
2-3cos-+ 1 

V 3 j 


2 3 2rvrt 

+-cos- 

0 2rtr 3 


3 ( 4n7r3 

1 — cos- 


3 _ 4rvr. 

= —(1-2 cos-) 

rvr 3 


im 


V 


J 


Hence, 


f(t)=i+s 


n=0 


— sin- 

im 3 


cos 


2n7it 

+ -í 

3 

1171 i 


4n7i^ . 2n;rt 

- sin- 

3 J 3 


We can now use MATLAB to check our answer, 

»t=0:.01:3; 

» f=l*ones(size(t)); 

» for n=l:l:99, 

f=f+(3/(n*pi))*sin(4*n*pi/3)*cos(2*n*pi*t/3)+(3/(n*pi))*(l- 

cos(4*n*pi/3))*sin(2*n*pi*t/3); 

end 

» plot(t,f) 




Clearly we ha ve nearly the same figure we started withü 






Chapter 17, Solution 8. 


Using Fig. 17.51, design a problem to help other students to better understand how to 
determine the exponential Fourier Series from a periodic wave shape. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Obtain the exponential Fourier series of the function in Fig. 17.51. 



Figure 17.51 For Prob. 17.8. 


Solution 


T= 2, &> 0 = 2;z7T=;r 

5(1-1), 0<t<l 


f(t) = 


0, 1< t< 2 


c n = - J Q f(t)e jn ® ot d t = - J 5(1- t)e Jnrt d t 

T' ,J 2 0 


5 5 i 5 

= -f e jrvrt dt-- te jn;rt dt = --— 

2 Jo 2 J 0 2 -jrvz- 

5 [e jn ' T -l 


1 5 


-jn/rt 


0 2 (-jrvr)‘ 


(—jriTz-t—3) 


5 e~ jrvr 


2 -\c\K 2 -n 


,2 2 

n 


(-jrvr-]) + ^-^ 


T „2 2 

2 -n n 


But e Jrte =cos^-n- jsinn^- = cosrFr + 0 = (-]) n 
2.5[l-(-]) n ] 2.5(-]) n [l+jn n] 2.5 


c n = 


jn^- 


n 2 n 2 


+ 


n 2 n 2 



Chapter 17, Solution 9. 


f(t) is an even function, b n =0. 
T = 8, co = 2 tt IT = n / 4 

■/' r 2 


a o =y 


0 

r /2 


1 9 

— J/(í)dí=— |l0cos^í/4r/í+ 0 

^ o 8 0 


10 4 . //( |2 10 . 1t> _ 

= —(—)sm;zí/4 =— = 3.183 


4 n 


n 

2 


4 40 

a n =— J f(t) cos n co ü dt = —[JlOcos;# Mcosrc;#/4dí+0] = 5^\cosrt(n + \)l A + cosrt(n-\)l A\lt 


o 


0 


0 


For n = 1, 


a x = 5 J [cos M12 + l]dt = 5 


— 12 


— sin ;zí / 2<r/í + í 
n 


= 10 


J o 


For n>l, 


20 . 7t(n + l)t 20 . 7t(n - l)t 

a„ =-sin-1-sin- 


7t(n +1) 


7t(n -1) 


20 . 7t(n + 1) 20 . 7t(n -1) 

-sin —-- +-sin —-- 


7t(n +1) 


7t(n -1) 


20 


20 


a 2 = —sinl.57T + —sin7r/2 = 2,122066 sin(270°) + 6.3662 sin(90°) 


37t 


n 


20 . 


10 . 


= -2.122066 + 6.3662 = 4.244, a, =—sin27H-sin7t = 0 


4ti: 


n 


Thus, 


a 0 - 3.183, 


a x = 10, 


a 2 = 4.244, a, = 0, b, = 0 = b 2 = b, 



Chapter 17, Solution 10. 


T=2n, 

C 


co n = 2 n! T= 1 


= - f f(t)e jnWot d t = ^ í(])e jnt d t = ^ 
T J n 2k { 2n 


e 


=jnt 


2 n -jn 


V, 


2vm 


—[j 

Itt I— 


e jrte -jl = JY^(cosn^--]) 

J 2rm 


f(t)= V ^-(cosn^-])e jnt 
nél2n n 



Chapter 17, Solution 11. 


T = 4, co 0 = 2n/T = n/2 


C n=~) 


l - J y{t)e ,na "'dt = i J°10(r + 1 )e- jnMl2 dt + £(10 )e- jn7 * ,2 dt 


c„ = 


10 

4 

10 

~4 


- jwul 2 


2 2 / a 

-n n /4 


(-/n tü 12-1) - e 

jnn 


-jn7Tt/2 


-jnTtí 12 


1-1 


—TT-—— + —rY e 1 ™' 1 (jnnl 2-1)+ -—e 
n n jnn n n jnn 


jnx 

jnnl2 


-jn/r/2 . 

-e +- 


JI17T 


jnn 


But 


e 1 " 71 ' 1 = cos(n;r/2) + ysin(n;r/2) = /sin(n;z72), 
e ~ ,nnn = cos(n;r/2)- jsin(n/i/2) =-j sin(n/i / 2) 

c n = !°, [1 + j( jnji H -\)ún(n7i / 2) + n7iún(n7i / 2)] 
n TT 


oo 1 A 

y(t) = ^ —j-^-[l + j([jn7i/2]-l)sin(n7i/2) + n7isin(n7i/2)]e jn,tt/2 



Chapter 17, Solution 12. 

A voltage source has a periodic waveform defined over its period as 
v(t) = l0t(27T- t) V, for all 0 < t < 2n 

Find the Fourier series for this voltage. 

v(t) = 10(2 nt - r), 0 < t < 2n, T = 2 n, co 0 = IjriT = 1 


a 0 = 

(1/T) \ T f(t)dt = — \ 2rr 10(2nt-t 2 )dt 

=—(« 2 -í 3 /3) t = —(1-2/3) = — 
2n 0 2n 3 


2 r 

a n : — £ 10 ( 2 ;# - t 2 )cos(nt)dt = 


j Jo 


10 

n 


2 n . . 2 tú 

— r cos (nt) H-sin(rcí) 

n " n 


2tt 


10 


JZ77 


[2 / z í cos(nt) - 2 sin(/ 7 í) + n 2 í 2 sin(7#)j 


2 ;r 

0 


20 1N 10 „ . — . -40 

— 3 - ( 1 - 1 ) —An k cos(2 tui) = — =- 


mi~ 


20 r r , 10 c T ? 

b n =— (2nt-t)ún(nt)dt = — ( 2 t#- r )sin( 7 #) 4 í 

T Jo ;r J ° 


277 10 


10 


=--(sin( 77 t) - 77 ícos( 77 í))|^-— ( 2 / 7 í sin( 7 #) + 2 cos(ní) - InV 


n n 


o i 

m 


- 40/r 40 n 

-+-= 0 


n n 


Hence, 


f(t) 


20ti 2 
3 


40 

~ 2 j — c °s(nt) 

n=l H 


COS(77í)) 



Chapter 17, Solution 13. 


Design a problem to help other students to better understand obtaining the Fourier series from a 
periodic function. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

A periodic function is defined over its period as 
ílOsint, 0 <t<n 

h(t ) = 

[20sin(t-^-), n<t<2n 


Find the Fourier series of h(t). 


Solution 


T = 2n, C0o = 1 


a 0 = (1/T) f h(t)dt = — [í 10sintdt + í 20 sin(t - 71 ;) dt] 
Jo 2 71 *0 Jtt 


2n 


- 10 cos 1 1 - 20 cos(t - n) 


2n 


30 

n 


a n = (2/T) [ h(t) cos(nco Q t)dt 

JO 


[2/(2ti)] 


f 10sin t cos(nt)dt + í 20sin(t - n) cos(nt)dt 

JO Jti 


Since sin A cos B = 0.5[sin(A + B) + sin(A - B)] 

sin t cos nt = 0.5[sin((n + l)t) + sin((l - n))t] 
sin(t - n) = sin t cos n - cost sin n = -sin t 
sin(t - 7r)cos(nt) = -sin(t)cos(nt) 


a n 


2n 


rn r2n 

10 f [sin([l + n]t) + sin([l - n]t)]dt - 20 í [sin([l + n]t) + sin([l - n]t)]dt 

Jo Jn 


cos([l + n]t) 

FTn 


cos([l - n]t) A 

K 

(2 cos([l + n]t) 2 cos([l - n]t)^ 
+ 

2ti 

1-n J 

l 

0 

y 1+n 1-n y 

n 



3 3 3cos([l + n]7r) 3cos([l - n]7t) 

1 +n 1-n 1+n 1-n 

But, [l/(l+n)] + [l/(l-n)] = 2/(l-n 2 ) 

cos([n-l]7t) = cos([n+l]7t) = cos n cos im - sin n sin im = -cos n7t 

a n = (5/7T)[(6/(l-n 2 )) + (6cos(n7i)/(l-n 2 ))] 

= [30/(7t(l-n 2 ))](l + cos im) = [-60/(7i;(n 2 -l))],n = even 

= 0, n = odd 

b n = (2/T) £h(t)sinn( 0 o tdt 

<•71 <*2 TC 

= [2/(2tc)] [ 10 sin t sin nt dt + J 20(-sin t) sin nt dt 

This is an interesting function which will have a value for b i but not for any of the other b n terms 
(they will be zero). 

bi = [2/(27 t:)][Q ) lOsintsintdt = lo£ -—-dt = 5 tt 

Í 2n r2n 0 \ 

20(-sin t)sintdt = -20J (sin t)"dt = — lOrc J = -5 

Now we can calculate the rest of the b n for values of n = 2 and greater than 2. We note that, 
sin A sin B = 0.5[cos(A-B) - cos(A+B)] 
sin t sin nt = 0.5[cos([l-n]t) - cos([l+n]t)] 

b n = (5/7t){[(sin([l-n]t)/(l-n))-(sin([l+n]t)/(l + n)]|” 

+ [(2sin([ 1 -n]t)/( 1 -n)) - (2sin([l+n]t)/(l + n)]| 2,r } 

sin([l - n]7r) + sin([l + n]7t) _ 

1 -n 1+n 




{Note, that if we substitute 1 for n, the first term is undefined! } 



Thus, 


h(t) 


30 

n 


-5sm(t)-> 


cos(2kt) 
(4k 2 -1) 


This does make a very good approximation! 



■Seriesl 












Chapter 17, Solution 14. 


Since cos(A + B) = cos A cos B - sin A sin B. 

00 f 25 25 

f(t) = 5 + V —-cos(n7T; / 4) cos(2nt)---sin(n7i / 4) sin(2nt) 

tíW+1 n +1 



Chapter 17, Solution 15. 


(a) Dcos cot + Esin cot = A cos(cot - 9) 

where A = VD 2 +E 2 , 0 = tan _1 (E/D) 



(b) Dcos cot + Esin cot = A sin(cot + 9) 

where A = Vü 2 + E 2 , 9 = tan'*(D/E) 

00 | l7 1 í A 3 ^ 

f(t) = 10 + V — -— h —- sin 10nt + tan -1 — ; - 

£íUn 2 + 1) 2 n 6 ^ n 2 +lj 



Chapter 17, Solution 16. 

sjc 

If V 2 (t) is shifted by 1 along the vertical axis, we obtain V 2 (t) shown below, i.e. 
v 2 *(t) = v 2 (t) + 1. 



Comparing v 2 (t) with vi(t) shows that 

v 2 *(t) = 2 Vl ((t + t 0 )/2) 
where (t +1 0 )/2 = 0 at t = -1 or t G = 1 
Hence V 2 *(t) = 2vi((t+l)/2) 


But 


= -1 + 1 - ^ 


cos n 


v 2 (t) = v 2 (t) + 1 
v 2 (t) + 1 = 2v 1 ((t+l)/2) 
v 2 (t) = -1 + 2 Vl ((t+l)/2) 

't + n i . ít + o 

-l— cos 3n 


1 f t + O 
-l-cos 5ra 


+ 


n 

L 

1 2 

; 9 

1 

2 ) 

1 25 

1 

2 


J 

8 

r 

( TCt 

n^ 

i I 

( 37Tt 

3tx ^ 

1 I 

( 57tt 


5tt;3 

1 


cos 

- + — 

-I—cos 

- + 

— 

-I-cos 

— 

+ 

— 

+ ... 

n 2 


V2 

2; 

9 1 

V 2 

2 J 

25 1 

V 2 


2 J 



,. 8 
v 2 (t) = - — 

n 




1 


f 37tt^ 


1 • í 

5nt^\ 

sin 

— 

H- 

sin 


+ 

— sin 

- + ... 


u, 

9 


1 2 9 


25 1 

. 2 J 


v 2 (t) = 



Chapter 17, Solution 17. 


We replace t by -t in each case and see if the function remains unchanged. 


(a) 

1 - 1 , 

neither odd nor even. 


(b) 

t 2 - 1, 

even 


(c) 

cos n7t(-t) sin n7t(-t) = - cos n7rt sin n7tt, 

odd 

(d) 

sin 2 n(-t) 

= (-sin 7it) 2 = sin 2 Tct, 

even 

(e) 

e l , 

neither odd nor even. 




Chapter 17, Solution 18. 


(a) T = 2 leads to co 0 = 2tt/T = n 

fi(-t) = -fi(t), showing that f i(t) is odd and half-wave symmetric. 

(b) T = 3 leads to co 0 = 2n/3 

f 2 (t) = f 2 (-t), showing that Í 2 (t) is even. 

(c) T = 4 leads to co 0 = tt/2 

f 3 (t) is even and half-wave symmetric. 



Chapter 17, Solution 19. 


T= 4, co 0 = 2k IT = n I 2 


f(t) = 


10t, 0 < t < 1 

10(2-t), 1< t< 2 


a 0 = ^ J f(t)dt = | JlOtdt + ^ J 10(2 - t)dt = ^5t 2 


0 4 2 


2.5 


a n = — Jf(t)cosn<» 0 tdt = —JlOtcosn<» 0 tdt +—JlO(2-t)cosn(» 0 tdt 


20 . t . 

-cos rcoX +-si n rcoX 


n a>„ 


n co„ 


1 10 . 

+-sinn<« n t 

0 nm 


2 5 . 5t 

H—^—— c osn^t H- 


1 reco: 


2 2 


n co„ 


20 1 10 5 

-(cosrvr/ 2-])+-sinrW2 +-(sirm^-sirirW 2 )+—^ — 

n co 0 n co 0 n co 0 ren / 4 

5 . — 10 5 

cosrvr/ 2 + - siriris -sinrvr/ 2 


r 2 n 2 1 4 




rvz7 2 


b n = — Jf(t)sinno 0 tdt = — JlOtsinn^tdt +—J 10(2 - t)sin n« 0 tdt 


n a>„ 


sin n^ 0 t 


1 10 


0 irvo. 


cosrva,t 


0 n 2 a> 2 


sin rvo± 


+-cosníy 0 t 

1 n co n 


,^sinn^/2--^(cos;m-cosrvz7 2)-—^-(sin^n-sinrW 2) 


n ^ 0 n « 0 

2 cos^-n/2 

-cosn^-- 




n<y„ 


n<y n 


sin n« n t 
0 1 

cosn^- 



Chapter 17, Solution 20. 

This is an even function. 

b n = 0, T = 6, co = 27 c/6 = tt/3 

a ° = |í, r/f(t)dt = ^[f ( 4 t_ 4 )dt f 4dt 

= | (2t 2 - 4t)[ +4(3-2) =2 

a n = y J f| f(t)cos(mrt/3)dt 

= (4/6)[ J (4t - 4) cos(n7ct / 3)dt + J 4 cos(n7rt / 3)dt ] 


9 ( imt3 3t . ( rmt3 3 . ( imt3 16 3 . (mtt 

— 2 —— cos - H-sin --sin - H-—sin - 

_n7T: ( 3 J im ( 3 J nu v3jjj 6 [im ( 3 


= [24/(n 2 7t 2 )][cos(2n7T:/3) - cos(im/3)] 



At t = 2, 

f(2) = 2 + (24/7T)[(cos(27t/3) - cos(7t/3))cos(27t/3) 
+ (1/4)(cos(4ti/3) - cos(27t/3))cos(47t/3) 

+ (1/9)(cos(27t) - cos(7t:))cos(27t:) +-] 

= 2 + 2.432(0.5 + 0 + 0.2222 + -----) 


f(2) = 3.756 





Chapter 17, Solution 21 


This is an even function. 


b n = 0, T = 4, C0o = 2 tt/T = ti/2. 


f(t) = 2 - 2t, 0 < t < 1 

= 0, 1 < t < 2 

a - = |/> a -t)dt = 


t 

t- 

2 


, -ii 


= 0.5 


Jo 


4 fT/2 4 f l 

n = — J o f(t) cos(nco Q t)dt = — J () 2(l - t) 




4 Jo 


- t) COS 


dt 


V £ ) 


[8/(TT 2 n 2 )] [1 - cos(n7r/2)] 


f(t) = 


1 Ã 8 

+ 2-1 „ 2_2 

2 n= i n n 


f 



1 - COS — 

COS 


L UJ 


1 2 J 



Chapter 17, Solution 22. 


Calculate the Fourier coefficients for the function in Fig. 16.54. 



Figure 16.54 For Prob. 16.15 

This is an even function, therefore b n = 0. In addition, T=4 and co 0 = tt/2. 

2 fT/2 2 fl ,|1 

a 0 = — í f(t)dt = — í 4tdt = t =1 
X Jo 4 Jo lo - 

4 r T / 2 4 r 1 

a n = — f(t) cos(co 0 nt)dt = — J^4t cos(n7tt / 2)dt 



2 2 

n n 


cos(n7rt / 2) + 


2t . . 

— sm(n7rt / 2) 
n7T 


a 


n 


lã (cos(n7i / 2) - 1) + — sin(n7i / 2) 
n'7i' n7i 



Chapter 17, Solution 23. 

Using Fig. 17.61, design a problem to help other students to better understand finding the Fourit 
series of a periodic wave shape. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the Fourier series of the function shown in Fig. 17.61. 


/(') 



Figure 17.61 

Solution 

f(t) is an odd function. 
f(t) = t, -1< t < 1 

a Q = 0 = a n , T = 2, (Do = 27i/T = n 




[2/(mt)]cos(mT) = 2(-l) n+1 /(mt) 










Chapter 17, Solution 24. 

(a) This is an odd function. 

a G = 0 = a n , T = 2n, co 0 = 2n/T = 1 

4 fT/2 

b n = — J Q f (t) sin(co 0 nt)dt 

f(t) = 1 + t/n, 0 < t < n 

b n = — [ (1 + t / n) sin(nt)dt 
2n Jo 

i i t ~T 

-cos(nt) + —— sin(nt)-cos(nt) 

n n n nn J 0 

= [2/(im)][l - 2cos(mt)] = [2/(n7t)][l + 2(-l) n+1 ] 
a 2 = 0, b 2 = [2/(2 tt)][ 1 + 2(-l)] = -l/n = -0.3183 

(b) con = ncOo = 10 or n = 10 

aio = 0, bio = [2/(107 t)][1 — cos(10tt:)] = —l/(57t) 

Thus the magnitude is Aio = + bf 0 = 1/(5 tt:) = 0.06366 

and the phase is (j)io = tan _1 (b n /a n ) = -90° 

00 2 

(c) f(t) = V — [1 - 2 cos(n7i:)] sin(nt) n 

n = l 

o° 2 

f(7t/2) = V — [1-2 cos(n7t)] sin(n7r / 2) n 

n = l n7T 

For n = 1, fi = (2 /tt)(1 + 2) = 6/tt 

For n = 2, f 2 = 0 

Forn = 3, Í 3 = [2/(37t)][l - 2cos(37t)]sin(37r/2) = -6/(37r) 



For n = 4, = 0 



For n = 5, fs = 6/(5tt), — 

Thus, f(7t/2) = 6/ti - 6/(37i) + 6/(5ti) - 61(1%) 

= (6/tt)[1 - 1/3 + 1/5 - 1/7 + — 
f(7t/2) = 1.3824 

which is within 8% of the exact value of 1.5. 

(d) From part (c) 

f(7i/2) = 1.5 = (6/tt)[1 - 1/3 + 1/5 - 1/7 + - - 
(3/2)(ti/6) = [1 - 1/3 + 1/5 - 1/7 + - - -] 


or 7i/4 = 1 - 1/3 + 1/5 - 1/7 + 





Chapter 17, Solution 25 


This is a half-wave (odd) function since f(t-T/2) = -f(t). 
a D = 0, a n = b n = 0 for n = even, T = 3, co 0 = 27t/3. 
For n = odd, 

4 f L5 r, \ , 4 r l 

a n = — í (t)cosnco 0 tdt = — J^tcosncoQtdt 


4n 2 n 2 


COS 


2nn{ 


+ - 


A 

27111 


-sin 


27int 


2 2 
n n 


í 27m l i 

cos - -1 


V V J J ) 


2 . ( 27rn^ 

H-sin - 

Tm v 3 y 


4 rl.5 4 rl 

b n = — f(t)sin(nco 0 t)dt = —J o tsin(27mt/3)dt 


3 J 0 


47r 2 n 2 


sin 


27Ult 


3t ( 27mt 3 

COS 


2n7T 


V 


J 


-sin 


4 2rcn^ 


.TüV l 3 j 


-COS 

Tcn 


4 2701^ 


V J J 


«t)= Ê 


n=l 

n=odd 


2 1 

n n 


( 2 TOi 3 2 . f 2nn 


cos - . 

I 3 ) 


J 


+ —sin - 
701 v 3 


cos 


^2TOlt 


3 . ( 2toi3 

sin 


2_2 

Ti n 


V 3 


Aco/ 2 ” 1 ' 


J 


1171 


3 ) 


sin 


2TOlt^| 



Chapter 17, Solution 26. 


T = 4, C0o = 2 tt/T = 7t/2 


a 0 


a n 


a n 


b 


n 


Jfítjdt = ^ 0dt + J 3 2dt + 0dt 


j Jo 


= 1 


2 r T 

f(t) cos(nco o t)dt 

*0 


X Jo 


0 cos(n7it / 2)dt + £ 2 cos(n7rt / 2)dt + 0 cos(imt / 2)dt 


2 . 

imt 

2 

4 . 

ímt 

3 

2 

. imt 

4 

— sin 



H-sin 



+ — 

sin- 


im 

2 

1 

im 

2 

2 

nn 

2 

3 


_4_ 

mt 


. 3n7t . im 

sin-sin — 

2 2 


2 fT 


■ 0(t) sin(nco 0 t)dt 


p2. . imt , r3 . imt , 

1 sin-dt + 2 sin-dt + 1 

Ji 9 h 9 J3 


4 . mrt , 

sin-dt 

'3 2 


2 

mtt 

2 4 

imt 

2 

mtt 

4 

- COS 


-COS 


-COS 



mt 

2 

i mt 

2 

2 

2 

3 _ 


mt 


[cos(n7t) - l] 


Hence 
f(t) = 

00 ^ 

1 + V — [(sin(3n7t / 2) - sin(n7t / 2)) cos(n7it / 2) + (cos(n7i) - 1) sin(n7it / 2)] 
Í7Í n7i 
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(a) 

(b) 


odd symmetry. 

a Q = 0 = a n , T = 4, C 0 o = 2n/T = n/2 
f(t) = t, 0 < t < 1 
= 0, 1 < t < 2 


4 ri . mrt 

— t sin- 

4 J° 2 


dt = 


„ 2_2 
n n 


sin 


imt 


2t mrt 

— cos- 

mr 2 


4 . mt 2 nn 

= , , sin-cos-0 

n V 2 nn 2 

= 4(—l) (n_1)/2 /(n 2 7T 2 ), n = odd 

-2(-l) n/2 /(mt), n = even 

a 3 = 0, b 3 = 4(-1)/(9 tc 2 ) = -0.04503 

(c) b| = 4/n 2 , b 2 = l/n, b 3 = -4/{9n 2 ), b 4 = -1/(2 tt), b 5 = 4/(25 tt 2 ) 



F rms 2 = 0.52:b n 2 = [ 1/(2 tc 2 )] [(1 6/7X 2 ) + 1 + (16/(8 Itc 2 )) + (1/4) + (16/(625tt 2 ))] 
= (l/19.729)(2.6211 +0.27 +0.00259) 

F rms = V0. 14667 = 0.383 


Compare this with the exact value of F rms 
(0.383/0.4082)xl00 = 93.83%, close. 


, - [ t 2 dt = VTTó = 0.4082 or 
VT 
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This is half-wave symmetric since f(t - T/2) = -f(t). 

a Q = 0, T = 2, co 0 = 27 t/2 = n 


a n = ^J 0 f(t)cos(nco 0 t)dt = “| Q (2 - 2t) cos(n7it)dt 


= 4 


— sin(imt)- r cos(imt) —— sin(mit) 

im n rc mr 


[4/(n 2 7T)][l -cos(n7t)] 


8/(nV), 

0 , 


n = odd 
n = even 


b n = 4[ (l-t)sin(n7rt)dt 
*0 


— cos(imt)-^ sin(n7rt) + — cos(imt) 

im n n nn 


= 4/(n7T), n = odd 


” / 8 4 ^ 

f(t) = V ——- cos(n7it) h -sin/imt) 

k=1 vn'7i n7r j 


, n = 2k - 1 



Chapter 17, Solution 29. 


This function is half-wave symmetric. 

T = 2n, C0o = 2n/T = 1, f(t) = -t, 0 < t < n 


For odd n, a n = — [ (-t) cos(nt)dt =-[cos(nt) + nt sin(nt)]|^ 

r p' jo 


n 2 n 


Thus, 


2 2 

b n = — [ (-t) sin(nt)dt =-— [sin(nt) - nt cos(nt)F 

n Jo n“jc 


f(t) = 2^ 


k=l 


2 1 

cos(nt)-sin(nt) 

n 


n 2 7t 


n = 2k - 1 


= 4/(n 2 7r) 

-2/n 
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T/2 

c n =^r j f (t)e' jno)ot dt = ^\ 2 f (t) cos nco 0 tdt - j f (t) sin nco 0 tdt 


-T/2 


TIJ-T/2 


( 1 ) 


(a) The second term on the right hand side vanishes if f(t) is even. Hence 

2 172 

c„ = — J f(t)cosnco 0 tdt 

1 0 

(b) The first term on the right hand side of (1) vanishes if f(t) is odd. Hence, 

• ~ T/2 

C„ = —Tp |f(t)sinnco 0 tdt 

A 0 
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If h(t) = f(at), T'= T/a 


, 2n 2n 

co '= — =-= aco„ 

0 T' T/a — 5 


2 T ' 2 T ’ 

a n ' = — Jh(t)cosnco 0 'tdt = —Jf(at)cosnco 0 'tdt 


Let at = A,,, dt = dA,/a, aT'= T 


2a r 

a n '= — J f(A,)cosnco 0 À,dÀ,/a = a n 


Similarly, 


b„'= b„ 



Chapter 17, Solution 32. 


When i s = 1 (DC component) 

i = 1/(1 + 2) = 1/3 

Forn >1, co n = 3n, I s = l/n 2 Z0° 

I = [1/(1 + 2 + jco n 2 )]I s = I s /(3+j6n) 

4 Z0 ° ! 

= — n -=- . Z - tan(2n) 

3V1 + 4n 2 Z tan 1 (6n / 3) 3n 2 Vl + 4n 2 


Thus, 


1 °° 1 

i(t) = — + V - cos(3n - tan _1 (2n)) 

3 tÍ3n 2 Vl + 4n 2 
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For the DC case, the inductor acts like a short, V 0 = 0. 
For the AC case, we obtain the following: 


Vo- 

v s ! Vo | jiutV 0 

10 

j2n7r 4 

f 

( 5 Y\ 

1+j 

2.5im-V G = 

V 

1 n? i)J 

V 0 = 

v s 

( s > 


= 0 


1 + j 


2.5im-- 


V 


im J 


A n Z0 n = 




1 + j 


2.5n7T- 


V 


n7t + j(2.5n 2 7t 2 - 


nn) 


A„ = 


VnV+(2.5nV-5) ; 


r; © n = -tan 


-1 


«(t) = 2 A n sin ( njrt + ©„) V 

n=l 


5) 

2.5n 2 7t 2 -5 > 

nrc 


v 



Chapter 17, Solution 34. 


Using Fig. 17.70, design a problem to help other students to better understand circuit responses 
to a Fourier series. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Obtain v 0 (t) in the network of Fig. 17.70 if 



—r-cos nt-\ - V 

n l 4 


10 ( nn'' 



2 0 


'AV 


1 II 

■^TÍV- 


+ 


r(t) 


0.5 V =i= /„(/) 


Figure 17.70 


Solution 


Foranyn, V = [10/n 2 ]Z(n7r/4), co = n. 


1 H becomes jo) n L = jn and 0.5 F becomes l/(joo n C) = -j2/n 


20 


A/W 


w 



+ 


-j2/n rpV, 


O 


Vo = {—j(2/n)/[2 + jn-j(2/n)]}V = {-j2/[2n + j(n 2 - 2)]}[(10/n 2 )Z(n7r/4)] 
















_ 20Z((Mt/4)-7t/2) _ 

n 2 A /4n T +õi T ^2) T Ztan^ 1 ((n 2 -2)/2n) 

- 20 Z[(nn / 4) - (n/ 2) - tan 1 ((n 2 - 2) / 2n)] 

n 2 Vn 4 +4 


>(t) = £ 


20 


n=i n 2 Vn 4 + 4 


COS 


nt + 


n7i n 


tan 


-i 


n 


2n 



Chapter 17, Solution 35. 

If v s in the circuit of Fig. 17.72 is the same as function Í 2 (t) in Fig. 17.57(b), 
determine the dc component and the first three nonzero harmonics of v Q (t). 


1Í2 1H 



Figure 16.64 For Prob. 16.25 



-2 -1 0 1 2 3 4 5 


Figure 16.50(b) For Prob. 16.25 


The signal is even, hence, b n = 0. In addition, T = 3, co 0 = 27t/3. 


v s (t) = 1 for all 0 < t < 1 
= 2 for all 1 <t< 1.5 


2 ri fi-5 „ , 4 

a G = — ldt + 2dt = — 

3 L Jo Jl J 3 


a n = j |cos(2nTit / 3)dt + | 2 cos(2mrt / 3)dt 


= — —sin(2n7rt / 3)1* H—— sin(2n7rt / 3)|J' 5 = - — sin(2n7T / 3) 
3 |_2n7T 2n7r 1 J n7T 

4 2 44 1 

v s (t) =- V — sin(2n7r / 3) cos(2n7Tt / 3) 

3 n n=1 n 



Now consider this circuit, 


1Q j2im/3 



LetZ = [-j3/(2n7t)](l)/(l-j3/(2n7t)) = -j3/(2im - j3) 
Therefore, v Q = Zv s /(Z + 1 + j2n7i/3). Simplifying, we get 

v = _ zh. _ 

I2nn + j(4n 2 7i 2 - 18) 

For the dc case, n = 0 and v s = % V and v 0 = v s /2 = 3/8 V. 
We can now solve for v 0 (t) 


v 0 (t) 




COS 


n=l 


2n7it 


+ 0 ., 


volts 


where A„ = 


mi 


sin(2mt/3) 


16n 2 7i 2 + 


r 4n 2 n 2 


and0„ = 90° -tan 


-1 


'nn 3 
v 3 2nrc 


where we can further simplify A n to this, A n 


9sin(2n7i/3) 
n7iA/4n 4 7r 4 + 81 



Chapter 17, Solution 36. 

We first find the Fourier series expansion of v s . T= \ co 0 = 2 n! T= 2 n 


a 0 = ^jf(t)dt = ^ JlOCL-tJtdt = 10(t-y) 


0 


= 5 


2 

a„ = — 


i i 

J f(t) cos ncojdt = 2|l0(l - 1) cos 2n7itdt 


= 20 


1 1 t 

-sm2rvrt-^^cos2n^-t-sin2n^-t 


2 nv\ 




2 „2 




= 0 


b 


n 


2 t 2 1 

- J f(t) si n rto 0 td t = - J 10(1- t)t si n n® 0 td t 
T 0 ^ o 


= 20 


2nn 


- COS 2«7Zt - - 


4n 2 7r 2 


sin 2imt 4—— cos 2n7zt 
2 rm 


00 10 

v.(0 = 5 + E — sin 2rmt 

n =1 


l/í 

1 OmF 

I = — 


-> j<*>n L = j<°n 

1 1 


—7*100 


M c MA 01 




V. 


5 + .M, - 


7*100 




For dc component, «0 = 0 which leads to Io = 0. 
For the nth harmonic, 


_10 

tm 


10 


zo° 


I = 


nrc 


10 


5 4- j2mc - 


jlOO 5n7t + j(2nV -50) 

2rm 




where 



10 


A /25nV+(2/zV-50) 2 ’ 


<!>„ ~ - lan 


2nV-50 
5 nn 


«o=E A, sin(2n^í + A ) 

n=l 



Chapter 17, Solution 37. 


We first need to express i s in Fourier series. T= 2, co 0 = 2x1 T= n 


a 0 =^j«t)dt = |[j3dt + }]dt 

In n 1 


= ^(3 + ])=2 


2 

T 

2 

T- 


1 2 

f P 

3 

1 1 

3cosrFrtdt+ cosn;rtdt 

= —sinrvrt 

+—sinn^-t 

j j 

_0 1 

nn 

0 rFr 


1 2 

P P 

-3 

1 -1 

3smn^-tdt+ sinrvrtdt 

= —cosrvz-t 

+ — cosrvrt 

j j 

_0 1 

n k 

0 rvr 


i s (t) = 2 + V—(1- c osn^)sin rvrt 

n=l n^- 


By current division, 


2 

1 n k 


(1 


l 


L 


0 l+2 + jíy n L s 3+j3 co n 

V 0 = j® n LI 0 = iü) " 3ls - ■ Í ® nls 


3+j3 co n 1+j co n 
For de component (n=0), V 0 = 0. 

For the nth harmonic, 


V„ = —— (1 - cos nn)Z - 90° = ^Lj2^-Z( 90° - tan -1 im - 90°) 


1 + jmt nrc 


Vl + n 2 7t" 


... ^ 2(l-cos^rn) , . . i . 

v 0 (t) = 2^ cos(n/rt-ta n í rw) 

n=i Vl+ n 2 /r 2 


0 

-cosrvz- 



Chapter 17, Solution 38. 


1 2 00 1 

v s (t) = —l—V— sinn7rt, n = 2k + l 

2 TC k=l n 


V n 


j«n 

1 + jcOn 




co n = nn 


For dc, co n =0, V s = 0.5, V 0 = 0 


For nth harmonic, V s = — Z - 90° 

mt 


r _ rm;Z90 o ^ 2 0 _ 2Z - tan 1 im 

Vl + n 2 7r 2 Ztan _1 mt nn V 1 + n 2 7i 2 


o° ^ 

v o( t ) = X — cos(n7tt - tan -1 mt), n = 2k-l 

k=i vl + n 2 7i 2 



Chapter 17, Solution 39. 

Comparing v s (t) with f(t) in Figure 15.1, v s is shifted by 2.5 and the magnitude is 
5 times that of f(t). 

Hence 

10 “ 1 

v s (t) = 5h -y-sin(n7tt), n = 2k - 1 

n k^ n 

T = 2, C0o = 2a//T = a, co n = nco 0 = na 

For the DC component, i Q = 5/(20 + 40) = 1/12 

For the kth harmonic, V s = (10/(na))Z0° 

100 mH becomes jco n L = jnaxO.l = jO.lna 
50 mF becomes l/(jco n C) = -j20/(na) 



jO.lna 


Let Z = -j20/(na)ll(40+jO.lna) 


- Í^(40 + jO.lna) 

na; _ 

- + 40 + j0. lna 
na 


- j20(40 + j0. lna 


2na - j800 


- j20 + 40na + j0.1n 2 a° 40na + j(0.1n 2 a 7 - 20) 
802na + j(2n 2 a 2 - 1200) 


Zjn — 20 + Z — 


V 


40na + j(0.1n 2 a 2 - 20) 
400na + j(n 2 a 2 - 200) 


na[802na + j(2n 2 a 2 - 1200)] 
j20 


I 


O 


nrc 


- J20I 


_ £2 + (40 + jO.te) 40nn + j(0.1„V-20) 
na 


l 








For the DC component, v s = 1/2. As shown in Figure (a), the capacitor acts like an 
open circuit. 



(a) 






Applying KVL to the circuit in Figure (a) gives 

-0.5 - 2V X + 4i = 0 (1) 

But -0.5 + i + V x = 0 or -1 + 2V X + 2i = 0 (2) 

Adding (1) and (2), -1.5+6i = 0 or i = 0.25 

V 0 = 3i = 0.75 

For the nth harmonic, we consider the circuit in Figure (b). 

co n = n7T, V s = A„Z-c|), l/(jco n C) = -j4/(nrc) 

At the supernode, 

(Vs - V x )/1 = -[n7i/(j4)]V x + V 0 /3 
Vs =[1+jn7T/4]V x + V 0 /3 (3) 

But -V x - 2V X + Vo = 0 or V G = 3V X 
Substituting this into (3), 

Vs = [1+jn7T/4]V x +V x = [2+jn7T/4]V x 
= (l/3)[2+jn7i/4]V 0 = (1/12)[8+jn7r]V 0 

V 0 = 12V s /(8+jn7T) = 12A n Z- j- 

V64 +n 2 7r 2 Ztan ‘(n7r/8) 


Vo = , 12 , , ,-^r+ 4 , 16 i . Z[tan- 1 (n7r/8)-tan 1 (7r(2n-l)/(2n))] 

V64 + nV V n n (2n-l) 


Thus 


where 


3 00 

v 0 (t) = — + ^ V n cos(n7it + 0 n )volts 

4 n=l 



0 n = tan '(íiTt/S) - tan \n(2n - l)/(2n)) 



Chapter 17, Solution 41. 

For the full wave rectifier, 

T = n, C0o = 2n/T = 2, co n = nco 0 = 2n 

Hence 

2 4 00 1 

v in (t) =-V —2 -cos(2 nt) volts 

n n~l4n -1 

For the DC component, 

V in = 2/71 

The inductor acts like a short-circuit, while the capacitor acts like an open circuit. 

Vo = V in = 2 /tT 

For the nth harmonic, 

V in = [-4/(7T(4n 2 -l))]Z0° 

2 H becomes jco n L = j4n 
0.1 F becomes l/(jco n C) = -j5/n 
Z = 10ll(-j5/n) = -jl0/(2n - j) 

Vo = [Z/(Z+j4n)]V in = -jl0V in /(4 + j(8n-10)) 

jlO í 4Z0° ' 

4 + j(8n-10)[ 7t(4n 2 -l) y 
_ 40Z{90° - tan -1 (2n - 2.5)} 
n(4n 2 -l)Jl6 + (8n-10) 2 


Hence 


where 



0 n = 90° - tan _1 (2n - 2.5) 



Chapter 17, Solution 42. 


c 20 *1 . , 
= 5h- 2_ l ~ sinmrt, n = 2k-l 


n k=l n 


V -0 

= jco n C(0- V 0 ) 

IV 


Vo = 


co n RC 


V s , co n = nco 0 = nn 


For n = 0 (dc component), V o =0. 
For the nth harmonic, 


Vo= 1Z90^20 z _ 90O = 

imRC mt 


20 


10- 


n 2 7r 2 xl0 4 x40xl0 9 2n 2 7T 2 


Hence, 


10 5 00 1 

v 0 (t) = —cosnTit, n = 2k -1 
271 k=i n 


Altematively, we notice that this is an integrator so that 


, , 1 f , 10 5 1 , 

v o(t) = I v s dt = — 2,— cosnTit, n = 2k - 1 

KL- ZTI j^—i n 



Chapter 17, Solution 43. 


(a) V rms = ^ja 2 +^|> 2 +b 2 ) = J 30 2 +|(20 2 +10 2 ) = 33.91 V 

(b) I rms = ^6 2 +|(4 2 +2 2 ) = 6.782 A 

(c) P = V dc I dc+ I^V n I n cos(0 n -© n ) 

= 30x6 + 0.5[20x4cos(45°-10°) - 10x2cos(-45°+60°)] 

= 180 + 32.76-9.659 = 203.1 W 



Chapter 17, Solution 44. 

Design a problem to help other students to better understand how to find the rms voltage across 
and the rms current through an electrical element given a Fourier series for both the current and 
the voltage. In addition, have them calculate the average power delivered to the element and the 
power spectrum. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

The voltage and current through an element are respectively 

v(t) = [30 cos ( t + 35°) + 10cos(2f - 55°) + 4 cos(3í - 10°)] V 
i(t) = [2 cos (t — 10°) + cos(2í- 10°)] A 

(a) Find the average power delivered to the element 

(b) Plot the power spectrum. 

Solution 

(a) p = vi = ^[60cos(-25°) + 10cos45° + o] = 27.19 + 3.536 = 30.73 W. 

(b) The power spectrum is shown below. 

p 27.19 



0 


1 


2 


3 


to 



Chapter 17, Solution 45. 


C0 n — 


For n 


For n 


For n 


lOOOn 

jco n L = jl000nx2xl(T 3 = j2n 
l/(jco n C) = -j/( 1000nx40xl0 6 ) = -j25/n 
Z = R + jco n L + l/(jco n C) = 10+j2n-j25/n 
I = V/Z 

= 1, Vi = 100, Z = 10 + j2 - j25 = 10 — j23 

11 = 100/(10-j23) = 3.987Z73.89 0 

= 2, V 2 = 50, Z = 10 + j4 — j 12.5 = 10 -j8.5 

1 2 = 50/(10-j8.5) = 3.81Z40.36 0 

= 3, V 3 = 25, Z = 10 + j6 — j25/3 = 10-j2.333 

1 3 = 25/(10-j2.333) = 2.435Z13.13 0 

I rms = -Jo.5(3.987 2 +3.81 2 + 2.435 2 ) = 4.263 A 
p = R(I nns ) 2 = 181.7W 



Chapter 17, Solution 46. 

(a)The MATLAB commands are: 
t=0:0.01:5; 

y=5*cos(3*t) - 2*cos(3*t-pi/3); 
plot(t,y) 



(b) The MATLAB commands are: 
t=0:0.01:5; 

» x=8*sin(pi*t+pi/4)+10*cos(pi*t-pi/8); 
» plot(t,x) 

» plot(t,x) 





Chapter 17, Solution 47. 

T= 2, (o Q =1n /T = n 

a 0 =^JW)dt = l |4dt+J(-2)dt = 1(4-2) = 1 

'o ^ Lo 1 J ^ 

P = RiL = ^|f 2 (t)dt = -5 J4 2 dt +J(—2) 2 dt =10R 

'o ^ Lo 1 

The average power dissipation caused by the dc component is 

P 0 =Ra o 2 = R = 10%of P 



Chapter 17, Solution 48. 

(a) For the DC component, i(t) = 20 mA. The capacitor acts like an open circuit so that 

v = Ri(t) = 2xl0 3 x20xl0 3 = 40 

For the AC component, 

co n = lOn, n = 1,2 

l/(jco n C) = -j/(10nx 100x10 6 ) = (-j/n) kQ 
Z = 2II(—j/n) = 2(-j/n)/(2 - j/n) = -j2/(2n-j) 

V = ZI = [—j2/(2n — j)]I 

For n =1, Vi = [-j2/(2 - j)]16Z45° = 14.311Z-18.43 0 mV 

For n = 2, V 2 = [-j2/(4 - j)]12Z-60° = 5.821Z-135.96 0 mV 

v(t) = 40 + 0.014311eos(10t - 18.43°) + 0.005821cos(20t - 135.96°) V 

(b) P = VdcIdC + COS ( 0 „ “ 4>„) 

4 n=l 

= 20x40 +0.5x10x0.0143 llcos(45° + 18.43°) 
+0.5xl2x0.005821cos(-60° + 135.96°) 


= 800.1 mW 



Chapter 17, Solution 49. 


(a) 


Z 2 


T 1 

\z\t)dt = — 

n ln 

í 4 dt+ í 16 dt 

o ln 

J J 

_ 0 n 


—( 20 ^) = 10 
In 


Z rms = 3.162 


(b) 

Z 2 


2 lv, 2 , 2 , , 1 v 144 , 72 

a 0 + ^£j( a n +b„) “1 + T 2^ + ~ 

2 „ =1 2 „ =1 n n n 

n=odd 


f 1 1 

1 + 0 + - + 0 + —+ ... 
9 25 


Zrms = 3.065 


(c ) 


f 

%error = 1 

v 


3.065^ 

3.162, 


jcIOO = 3.068% 


A 

. =9.396 

J 



Chapter 17, Solution 50. 


1 fT 

Cn — 

T 


2n 


l f(t)e->*•"*, <o„ = - 


= n 


1 fl 

— I te~ J dt 


Using integration by parts, 

u = t and du = dt 


Thus 


dv = e ^ nirt dt which leads to v = -[ 1 /(2j ittx) ]c 


c n = - 


-jrurt 


2jn7r 


+ —3— fe jn7It dt 

9 iniT J-l 


4 2jn7T 


J [e~ jim + e jmrt ] + 


n7t 


1 


,-jn7it 


2nV(-j) 2 
= [j/(mi)]cos(n7i) + [l/(2nV)](e- jn7t - Ó 


C n — 


j(-D n , 2j 


+ 


o 2 2 

n7t 2n n 


sin(n7t) = 


j(-D n 


n7t 


f(t) = Yce^* 4 = y (- 1 )"J-e jmrt 

^ ^ riTT 

n= — cn n= —cn 11,11 


-jllTlt 



Chapter 17, Solution 51. 


Design a problem to help other students to better understand how to find the exponential Fourier 
series of a given periodic function. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Given the periodic function 

fit) = t 2 , 0 <t<T 

obtain the exponential Fourier series for the special case T = 2. 

Solution 


T = 2, co 0 = 27 t/T = n 


i T i 2 , —j njct / 

c n = -lime '""'"'dl = -Ire '“dl =---n 2 n 2 t 2 +2jnnt + 2 

T ò 2 o 2 (-jn7t) 3 ' 


1 9 9 2 

C n =-:r-^r-(-4n + j4n7r) = ——(1 + jnjr) 

j2n J 7r J n n 


n=-oo 71 


jnJit 



Chapter 17, Solution 52. 


C n = 4 [ f(t)e JC0 ° nt dt, C 0 o = — = 7 1 


X Jo 


1 


1 r 1 

— J te jn7It dt 


Using integration by parts, 

u = t and du = dt 


dv = e jn7rt dt which leads to v = -[l/(2jn7i)Je 
1 r 1 


t 


C n = - 


-jrnit 


2jn7t 


+ 


2jn7r 


í f ,nK ' dt 


J . e -j™ _|_ gj ™ 1 


nrc 


+ e J . + 


1 


- jimt 


2nV(-j) 2 
= [j/(n7i)]cos(n7t) + [l/(2nV)](e- jnjt - è nn ) 


Cn — 


j(-D n , 2j 


+ 


o 2 2 

nrc 2n n 


sin(n7i:) = 


j(-D n 


nrc 


Thus 


f(t) = yc n e in “"' = y(-l)“^e jn,t 

nn 


-jnjit 



Chapter 17, Solution 53. 


C0o = 2 tt/T = 2n 

Cn = fVv^dt = í l e “ n+jn0) ° )l dt 

Jo Jo 


-1 

-e 

1 + j2nn 


i 


(1 +j2nn:)t 


lo 


_ 1 L-(l + j2n7i) 

1 + j2n7t 


= [l/(]2rm;)][l - e 1 (cos(27m) - jsin(2n7i:))] 
= (1 -e _1 )/(l + j2im) = 0.6321/(1 + j2nn 


f(t) 


2 


0.6321e j2mit 



Chapter 17, Solution 54. 


T = 4, C0o = 2 tt/T = 7t/2 

c n = f T f(t)e jco ° nt dt 

X Jo 


= -\ í'2e' jmrt/2 dt + f 2 le jn3Tt/2 dt - f 4 le jn7It/2 dt 

4 |_Jo J1 J2 


= -J-Í2e“ jmi/2 -2 + e~ j ™ - e~ jmt/2 - e~ j2mt + e“H 

2nn L J 


= -J—[3e- jmi/2 -3 + 2e" jmi 

2nn L 


f(o = S c . e,n " J 



Chapter 17, Solution 55. 


T = 2n, C0o = 2níT = 1 


c n = — f T i(t)e jn<0 °'dt 
j Jo 


But 


i(t) 


|sin(t), 0 < t < n 

0, n < t < 2n 


Cn = — r si n(t)e-J nt dt = —f -(eJ t -e- jt )e-J nt dt 

2n J 0 2n J 0 2j 


1 

4nj 


e jt(l—n) e -jt(l+n) 

+ 


j(l-n) j(l + n) 


4n 


e jji(l-n) _ i e -jji(n+l) _ ^ 
+ 


1-n 


1 + n 


^4 


47r(n' - 1) 


e j,l(1 “ n) - 1 + ne j7t(1 ~ n) - n + e~ M1+n) - 1 - ne^ (1+n) + n 


But = cos(7t) + jsin(7t) = -1 = e 




Cn — 




47t(n" - 1) 


_ e J,ra - e ~ Jim - ne^ nn + ne^ 1 ” 1 


2 = 


1 + e 


-jn7t 


2n(l - n 2 ) 


Thus 


i(t) 


z 


l + e~ inn 
2ti( 1-n 2 ) 6 


n=—co 



Chapter 17, Solution 56. 


Co — a 0 — 10, COo — 7T 

Co = (a n - jb n )/2 = (1 -jn)/[2(n 2 + 1)] 


f(t) = 10+ £ 

n=-oo 

n*0 


(1-jn) cjnjrt 
2(n 2 +1) 



Chapter 17, Solution 57. 


a Q = (6/—2) = -3 = Co 

c n = 0.5(a n -jb n ) = a n /2 = 3/(n 3 - 2) 

f(t) = -3+ £ 

n=—oo ^ " 

n*0 



Chapter 17, Solution 58. 


c n = (a n -jb n )/2, (-1)" = cos(n7t), co 0 = 2n/T = 1 
c n = [(cos(nTc) - l)/(27m 2 )] - j cos(n7t)/(2n) 


Thus 


f(t) = 


n cos(mt)-l . cos(im) 
Zm 2 J 2n 



Chapter 17, Solution 59. 


Forf(t), T = 2n, co 0 = 2n/T = 1. 

a Q = DC component = (lxn + 0)/2n = 0.5 
For h(t), T = 2, co 0 = 2 tt/T = n. 
a 0 = (2x1 - 2x1 )/2 = 0 

Thus by replacing co 0 = 1 with co 0 = n and multiplying the magnitude by four, 
we obtain 


h(t) = 


n tU2n + l)n 

n^O 



Chapter 17, Solution 60. 


FromProblem 17.24, 

a 0 = 0 = a n , b n = [2/(n7t)][l - 2 cos(n7t)], c 0 = 0 
c n = (a n -jb n )/2 = [j/(n7t)][2 cos(nTt) -1], n^O. 



Chapter 17, Solution 61. 


(a) 


COo = 1. 


f(t) = a 0 + ^A n cos(nco 0 t-4> n ) 

= 6 + 4cos(t + 50°) + 2cos(2t + 35°) 

+ cos(3t + 25°) + 0.5cos(4t + 20°) 

= 6 + 4cos(t)cos(50°) - 4sin(t)sin(50°) + 2cos(2t)cos(35°) 

- 2sin(2t)sin(35°) + cos(3t)cos(25°) - sin(3t)sin(25°) 

+ 0.5cos(4t)cos(20°) - 0.5sin(4t)sin(20°) 

= 6 + 2.571cos(t) - 3.73sin(t) + 1.635cos(2t) 

- 1.147sin(2t) + 0.906cos(3t) - 0.423sin(3t) 

+ 0.47cos(4t) - 0.171sin(4t) 


(b) 


f "“ ” Í a ” + 2§ A " 

f rms 2 = 6 2 + 0.5[4 2 + 2 2 + l 2 + (0.5) 2 ] = 46.625 


f rms = 6.828 



Chapter 17, Solution 62. 

(a) 

f(t) = 12 +10 c o s(2íy 0 t + 90°) + 8 c o s(4<» 0 t - 90°) + 5 c o s(6<x> 0 t + 90°) + 3 c o s(8« 0 t - 90°) 

(b) f(t) is an even function of t. 



Chapter 17, Solution 63. 

This is an even function. 


T = 3, C0o = 27 t/ 3, b n = 0. 


f(t) = 


1, 0 < t < 1 

2, 1 < t < 1.5 


2 fT/2 2 

a 0 = — [ f (t)dt = — 

T Jo T, 


fl fl-5 

J o 1 dt + J 2dt 


= (2/3) [1 + 1] = 4/3 


a n = yJ 0 f(t)cos(nco 0 t)dt = ^ J o lcos(2imt/3)dt +2cos(2imt/3)dt 


3 . ( 2n7rt^ 

-sin - 

l 3 j 


2n7t 


6 . f 2imt 

+-sin - 


2n7r 


V -5 J 


1.5 


= [-2/(n7t)]sin(2n7t/3) 


f 2 (t) 


4 

2 44 1 . 

( 3n7i;3 


í 2n7iO 

— 

- > -sin 


COS 


3 


V 3 ) 


1 3 J 


a Q = 4/3 = 1.3333, co 0 = 27 t/ 3, a n = -[2/(im)]sin(2n7rt/3) 


1 ? i ? 

2 . 

( 2n7r^| 

/ <x + b = 

—sin 


V n n 

im 

1 3 J 


Ai = 0.5513, A 2 = 0.2757, A 3 = 0, A 4 = 0.1375, A 5 = 0.1103 




Chapter 17, Solution 64. 

Design a problem to help other students to better understand the amplitude and phase spectra of a 
given Fourier series. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Given that 

v(t) = (1 0/71) [ 1 + (l/2)cos(2írt) + (2/3)cos(4jit) - (2/15)cos(6jit)] V 
draw the amplitude and phase spectra for v(t). 

Solution 

The amplitude and phase spectra are shown below. 










Chapter 17, Solution 66. 


The schematic is shown below. The waveform is inputted using the attributes of VPULSE. In 
the Transient dialog box, we enter Print Step = 0.05, Final Time = 12, Center Frequency = 0.5, 
Output Vars = V(l) and click enable Fourier. After simulation, the output plot is shown below. 
The output file includes the foliowing Fourier components. 



FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 
DC COMPONENT = 5.09951OE+OO 


HARMONIC 

FREQUENCY 

FOURIER 

NO 

(HZ) 

COMPONENT 

1 

5.000E-01 

3.184E+00 

2 

l.OOOE+OO 

1.593E+00 

3 

1.500E+00 

1.063E+00 

4 

2.000E+00 

7.978E-01 

5 

2.500E+00 

6.392E-01 

6 

3.000E+00 

5.336E-01 

7 

3.500E+00 

4.583E-01 

8 

4.000E+00 

4.020E-01 

9 

4.500E+00 

3.583E-01 


NORMALIZED 

PHASE 

NORMALIZED 

COMPONENT 

(DEG) 

PHASE (DEG) 

l.OOOE+OO 

1.782E+00 

O.OOOE+OO 

5.002E-01 

3.564E+00 

1.782E+00 

3.338E-01 

5.347E+00 

3.564E+00 

2.506E-01 

7.129E+00 

5.347E+00 

2.008E-01 

8.911E+00 

7.129E+00 

1.676E-01 

1.069E+01 

8.911E+00 

1.440E-01 

1.248E+01 

1.069E+01 

1.263E-01 

1.426E+01 

1.248E+01 

1.126E-01 

1.604E+01 

1.426E+01 


TOTAL HARMONIC DISTORTION = 7.363360E+01 PERCENT 

From Prob. 17.4, we know the phase angle should be zero. Why do we have a phase angle equal 
to n(1.782)? The answer is actually quite straight forward. The angle comes from the 
approximation of the leading edge of the pulse. The graph shows an instantaneous rise 
whereas PSpice needs afinite rise time, thus artificially creating a phase shift. 














Chapter 17, Solution 67. 

The Schematic is shown below. In the Transient dialog box, we type “Print step = O.Ols, 
Final time = 36s, Center frequency = 0.1667, Output vars = v(l),” and click Enable 
Fourier. After simulation, the output file includes the following Fourier components, 


V1=0. 

V2=4 

TD=1 

TR=1 

TF-1 

PW=2 

PER=6 



Prob. 16.51. 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 

DC COMPONENT = 2.000396E+00 

HARMONIC FREQUENCY FOURIER NORMALIZED PH ASE NORMALIZED 

NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

1.667E-01 

2.432E+00 

l.OOOE+OO -8.996E+01 

O.OOOE+OO 

2 

3.334E-01 

6.576E-04 

2.705E-04 -8.932E+01 

6.467E-01 

3 

5.001E-01 

5.403E-01 

2.222E-01 9.011E+01 

1.801E+02 

4 

6.668E-01 

3.343E-04 

1.375E-04 9.134E+01 

1.813E+02 

5 

8.335E-01 

9.716E-02 

3.996E-02 -8.982E+01 

1.433E-01 

6 

l.OOOE+OO 

7.481E-06 

3.076E-06 -9.000E+01 

-3.581E-02 

7 

1.167E+00 

4.968E-02 

2.043E-02 -8.975E+01 

2.173E-01 

8 

1.334E+00 

1.613E-04 

6.634E-05 -8.722E+01 

2.748E+00 

9 

1.500E+00 

6.002E-02 

2.468E-02 9.032E+01 

1.803E+02 


TOTAL HARMONIC DISTORTION = 2.280065E+01 PERCENT 




Chapter 17, Solution 68. 


Since T=3, f =1/3 = 0.333 Hz. We use the schematic below. 



We use VPWL to enter in the signal as shown. In the transient dialog box, we enable 
Fourier, select 15 for Final Time, O.Ols for Print Step, and 10ms for the Step Ceiling. 
When the file is saved and run, we obtain the Fourier coefficients as part of the output file 
as shown below. 

Why is this problem wrong? Clearly the source is not 
periodic. The DC value must be +1!!!!!!!!!! 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 
DC COMPONENT = -l.OOOOOOE+OO 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE 
NORMALIZED 

NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

2 

3 

4 

5 

6 

7 

8 
9 


3.330E-01 

6.660E-01 

9.990E-01 

1.332E+00 

1.665E+00 

1.998E+00 

2.331E+00 

2.664E+00 

2.997E+00 


1.615E-16 

5.133E-17 

6.243E-16 

1.869E-16 

6.806E-17 

1.949E-16 

1.465E-16 

3.015E-16 

1.329E-16 


l.OOOE+OO 

3.179E-01 

3.867E+00 

1.158E+00 

4.215E-01 

1.207E+00 

9.070E-01 

1.867E+00 

8.233E-01 


1.762E+02 

2.999E+01 

6.687E+01 

7.806E+01 

1.404E+02 

-1.222E+02 

-4.333E+01 

-1.749E+02 

-9.565E+01 


O.OOOE+OO 

-3.224E+02 

-4.617E+02 

-6.267E+02 

-7.406E+02 

-1.179E+03 

-1.277E+03 

-1.584E+03 

-1.681E+03 











Chapter 17, Solution 69. 

The schematic is shown below. In the Transient dialog box, set Print Step = 0.05 s, Final 
Time = 120, Center Frequency = 0.5, Output Vars = V(l) and click enable Fourier. After 
simulation, we obtain V(l) as shown below. We also obtain an output file which 
includes the following Fourier components. 



FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 


DC COMPONENTE 5.048510E-01 


HARMONIC FREQUENCY FOURIER NORMALIZED PH ASE NORMALIZED 

NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

2 

3 

4 

5 

6 

7 

8 
9 


5.000E-01 

l.OOOE+OO 

1.500E+00 

2.000E+00 

2.500E+00 

3.000E+00 

3.500E+00 

4.000E+00 

4.500E+00 


4.056E-01 

2.977E-04 

4.531E-02 

2.969E-04 

1.648E-02 

2.955E-04 

8.535E-03 

2.935E-04 

5.258E-03 


l.OOOE+OO 

7.341E-04 

1.117E-01 

7.320E-04 

4.064E-02 

7.285E-04 

2.104E-02 

7.238E-04 

1.296E-02 


-9.090E+01 

-8.707E+01 

-9.266E+01 

-8.414E+01 

-9.432E+01 

-8.124E+01 

-9.581E+01 

-7.836E+01 

-9.710E+01 


O.OOOE+OO 
3.833E+00 
-1.761E+00 
6.757E+00 
-3.417E+00 
9.659E+00 
-4.91 lE+00 
1.254E+01 
-6.197E+00 


TOTAL HARMONIC DISTORTION = 1.214285E+01 PERCENT 






Chapter 17, Solution 70. 

Design a problem to help other students to better understand how to use PSpice to solve circuit 
problems with periodic inputs. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Rework Prob. 17.40 using PSpice. 

Chapter 17, Problem 40. 

The signal in Fig. 17.77(a) is applied to the circuit in Fig. 17.77(b). Find v„(t). 



2 r 


1 Q 

A/VW 



'i 



r x 


0.25 F 



(b) 


Figure 17.77 


Solution 

The schematic is shown below. In the Transient dialog box, we set Print Step = 0.02 s, Final 
Step = 12 s, Center Frequency = 0.5, Output Vars = V(l) and V(2), and click enable Fourier. 















After simulation, we compare the output and output waveforms as shown. The output includes 
the following Fourier components. 



FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 
















DC COMPONENT = 7.658051E-01 


HARMONIC FREQUENCY FOURIER NORMALIZED PH ASE 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE 


1 

2 

3 

4 

5 

6 

7 

8 
9 


5.000E-01 
1 .OOOE+OO 
1.500E+00 
2.000E+00 
2.500E+00 
3.OOOE+OO 
3.500E+00 
4.000E+00 
4.500E+00 


E070E+00 
3.758E-01 
2.11 ÍE-Ol 
1.247E-01 
8.538E-02 
6.139E-02 
4.743E-02 
3.711E-02 
2.997E-02 


1.OOOE+OO 

3.512E-01 

1.973E-01 

1.166E-01 

7.980E-02 

5.738E-02 

4.433E-02 

3.469E-02 

2.802E-02 


1.004E+01 

-3.924E+01 

-3.985E+01 

-5.870E+01 

-5.680E+01 

-6.563E+01 

-6.520E+01 

-7.222E+01 

-7.088E+01 


O.OOOE+OO 

-4.928E+01 

-4.990E+01 

-6.874E+01 

-6.685E+01 

-7.567E+01 

-7.524E+01 

-8.226E+01 

-8.092E+01 


TOTAL HARMONIC DISTORTION = 4.352895E+01 PERCENT 


NORMALIZED 

(DEG) 



Chapter 17, Solution 71. 

The schematic is shown below. In the Transient dialog box, we set Print Step = 0.02 s, Final 
Step = 12 s, Center Frequency = 0.5, Output Vars = V(l) and V(2), and click enable Fourier. 
After simulation, we compare the output and output waveforms as shown. The output includes 
the following Fourier components. 

















FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 


DC COMPONENTE 7.658051E-01 


HARMONIC FREQUENCY FOURIER NORMALIZED PH ASE 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE 


1 

2 

3 

4 

5 

6 

7 

8 
9 


5.000E-01 

l.OOOE+OO 

1.500E+00 

2.000E+00 

2.500E+00 

3.000E+00 

3.500E+00 

4.000E+00 

4.500E+00 


1.070E+00 
3.758E-01 
2.11 ÍE-Ol 
1.247E-01 
8.538E-02 
6.139E-02 
4.743E-02 
3.711E-02 
2.997E-02 


l.OOOE+OO 

3.512E-01 

1.973E-01 

1.166E-01 

7.980E-02 

5.738E-02 

4.433E-02 

3.469E-02 

2.802E-02 


1.004E+01 

-3.924E+01 

-3.985E+01 

-5.870E+01 

-5.680E+01 

-6.563E+01 

-6.520E+01 

-7.222E+01 

-7.088E+01 


O.OOOE+OO 

-4.928E+01 

-4.990E+01 

-6.874E+01 

-6.685E+01 

-7.567E+01 

-7.524E+01 

-8.226E+01 

-8.092E+01 


TOTAL HARMONIC DISTORTION = 4.352895E+01 PERCENT 


NORMALIZED 

(DEG) 



Chapter 17, Solution 72. 

T = 5, C0o = 2 tt/T = 2tt/5 

f(t) is an odd function. a Q = 0 = a n 

4 r T/2 4 fi° 

b n = — J o f(t)sin(nco 0 t)dt = — 10sin(0.4n7tt)dt 

8x5 1 20 

=-cos(0.47cnt) = — [l-cos(0.4im)] 

2n7t n nre 


20 00 1 

f(t) = — Y-[l-cos(0.4n7t)]sin(0.4n7tt) 



Chapter 17, Solution 73. 


P = 


V 2 1 V 2 

V DC _|_ _n_ 

R 2^ R 


= 0 + 0.5[(2 2 + 1 2 + 1 2 )/10] = 300 mW 



Chapter 17, Solution 74. 


(a) 

A n = 

V a n +b n 


<i> 

= tan _1 (b n /a n ) 


Ai = 

a/6 2 +8 2 

= 10, 

4>i 

= tan^(6/8) = 36.87° 


a 2 = 

V3 2 +4 2 

= 5, 


(j) 2 = tan“'(3/4) = 36.87° 


i(t) = {4 + 10cos(1007it - 36.87°) - 5cos(2007it - 36.87°)} A 

(b) p = Io C R + 0.5^i;r 

= 2[4 2 +0.5(10 2 + 5 2 )] = 157 W 



Chapter 17, Solution 75 


The lowpass filter is shown below. 







1 + 


4n 2 

T 


R 2 C 2 =10 10 


T 

C =-10 s 

2tiR 


10 2 x3.09x10 4 
47ixl0 3 


24.59 mF 



Chapter 17, Solution 76. 

v s (t) is the same as f(t) in Figure 16.1 except that the magnitude is multiplied by 
10. Hence 


20 00 1 

v 0 (t) = 5 h -V— sin(n7tt), n = 2k-l 

it tí n 

T = 2, co 0 = 27i/T = 2n, co n = nco 0 = 2mt 

jco n L = j2mt; Z = RII10 = 10R/(10 + R) 

Vo = ZV s /(Z+j2mt) = [10R/(10R + j2mt(10 + R))]V S 

v _ 10RZ-tan~'{(n7r/5R)(10 + R)} v 
^/lOOR 2 + 4nV(10 + R) 2 

V s = [20/(n7t)]Z0° 

The source current I s is 


V 


V 


(10+ R) 


20 


n7t 


Z + j2mt 10R | - 2 10R + j2mt(10 + R) 

10 + R +J Un 


(10 + R) — Z - tan 1 {(mt / 3)(10 + R)} 

n7T 


yjlOOR 2 +4n 2 7t 2 (10 + R) 2 


Ps = VdcIdC + iX^nísnCOSÍO,, ~ <t» n ) 


For the DC case, L acts like a short-circuit. 


Is = 


5 

10R 


5(10+ R) 
10R 


Vs = 5 = V, 


10 + R 



p 


25(10+ R) 1 

IÕR + 2 


20 

V™ J 


(10 + R)cos 


tan 1 


n 


V 


(10+ R) 


JJ 


JlOOR 2 +4 ti 2 (10+R) : 


, 9 (10 + R)“ cos 

/mV 


10 

yn ) 


tan 


2n 


w 


(10 + R) 


JJ 


100 R 2 + 16 7X 2 (10 + R) : 


Ps = 


Ztx L + Iy 

R 2“J R 


25 J_ 
R 2 


100R 


■ + ■ 


100R 


100R +47t (10 + R) 100R + 10V(10 + Rr 




We want p G = (70/100)p s = 0.7p s . Due to the complexity of the terms, we 
consider only the DC component as an approximation. In fact the DC component 
has the latgest share of the power for both input and output signals. 

25 _ 7 ^ 25(10+ R) 

r~~Tõ x IÕR 

100 = 70 + 7R which leads to R = 30/7 = 4.286 Q 



Chapter 17, Solution 77. 


(a) For the first two AC terms, the frequency ratio is 6/4 = 1.5 so that the highest 
common factor is 2. Hence co 0 = 2. 

T = 2tt/co 0 = 2tt/2 = n 

(b) The average value is the DC component = -2 

J ] °° 

^o+^^l+K) 

V r 2 ms =(-2) 2 +i(10 2 +8 2 +6 2 +3 2 +1 2 ) = 121.5 

Vrms = 11.02 V 



Chapter 17, Solution 78. 


(a) 


P = 


V 2 1 V 2 

V DC ! 1 V n 

R 2^ R 




V 2 

n,rms 

R 


= 0 + (40 2 /5) + (20 2 /5) + (10 2 /5) = 420 W 
(b) 5% increase = (5/100)420 = 21 

V 2 

Pdc = 21 W = —— which leads to V~ c = 21R = 105 
R 

V DC = 10.25 V 



Chapter 17, Solution 79. 


From Table 17.3, it is evident that a n = 0, 
b n = 4A/[7r(2n - 1)], A = 10. 


A Fortran program to calculate b n is shown below. The result is also shown. 

C FOR PROBLEM 17.79 

DIMENSION B(20) 

A = 10 

PIE = 3.142 

C = 4.* A/PIE 

DO 10 N = 1, 10 

B(N) = C/(2.*FLOAT(N) - 1.) 

PRINT *, N, B(N) 

10 CONTINUE 

STOP 
END 


n 

bn 

1 

12.731 

2 

4.243 

3 

2.546 

4 

1.8187 

5 

1.414 

6 

1.1573 

7 

0.9793 

8 

0.8487 

9 

0.7498 

10 

0.6700 




Chapter 17, Solution 80. 


FromProblem 17.55, 

c n = [1 + e~ jmi ]/[27i(l - n 2 )] 

This is calculated using the Fortran program shown below. The results are also 
shown. 


C FOR PROBLEM 17.80 

COMPLEX X, C(0:20) 

PIE = 3.1415927 

A = 2.0*PIE 

DO 10 N = 0, 10 

IF(N.EQ.l) GO TO 10 

X = CMPLX(0, PEE*FLOAT(N)) 

C(N) = (1.0 + CEXP(-X))/(A*(1 - FLOAT(N*N))) 
PRINT *, N, C(N) 

10 CONTINUE 

STOP 
END 


n 

Cn 

0 

0.3188+J0 

1 

0 

2 

-0.1061 + j0 

3 

0 

4 

-0.2121x1o -1 + J0 

5 

0 

6 

-0.9095x10 2 + J0 

7 

0 

8 

-0.5052x10 2 + j0 

9 

0 

10 

-0.3215x10"+j0 




Chapter 17, Solution 81. 


(a) 



„ x 2A 4A^ 1 

f(t) =-Y ^ cos(n( 0 o t) 

n n 77, 4n“ -1 


2 2 

The total average power is p avg = F rms R = F rms since R = 1 ohm. 


Pavg = Frms 2 = ^ jjf 2 (t)dt = 0.5A : 


j Jo 


(b) From the Fourier series above 


c 0 | = 2A/n, |c„| = |a n |/2 = 2A/[7i(4rT - 1)] 


n 

co 0 

c n 

|c 0 | 2 or 2 Cn 2 

% power 

0 

0 

2AJn 

4A 2 /(tT) 

81.1% 

1 

2co 0 

2A/(3n) 

8A 2 /(9tt 2 ) 

18.01% 

2 

4co 0 

2A/(15 7t) 

8A 2 /(225tT) 

0.72% 

3 

6co 0 

2A/(35ti) 

8A 2 /(1225tt 2 ) 

0.13% 

4 

8co 0 

2A/(63ít) 

8A 2 /(3969tT) 

0.04% 


(c) 

81.1% 

(d) 

0.72% 




Chapter 17, Solution 82. 


Yk+LfYL 

R 2“í R 


Assuming V is an amplitude-phase form of Fourier series. But 

IA n l = 2ICJ, Co = a G 


Hence, 


Altematively, 


where 


IAnl 2 = 4IC n l 2 


p = ^ + 2Y^- 

R tíR 


v 2 

jp _ rms 


R 


V 2 = a 2 + — V A 2 = c 2 + 2Vc 2 = V c 2 

rms o n. n o n / j n 

" n=l n=l n=-oo 


10 2 + 2(8.5 2 + 4.2 2 + 2.1 2 + 0.5 2 + 0.2 2 ) 


= 100 + 2x94.57 = 289.14 


P = 289.14/4 = 72.3 W 



Chapter 18, Solution 1. 


f’(t) = S(t + 2) - 8(t +1) - 8(t -1) + 8(t - 2) 
jcoF(co)=e j2(0 -e J “-e- J<B +e- j(o2 
= 2 cos 2co-2 cos co 

„ 2[cos 2cd - cos co] 

F(CO) = -;- 



Chapter 18, Solution 2. 


Using Fig. 18.27, design a problem to help other students to better understand the Fouier 
transform given a wave shape. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

What is the Fourier transform of the triangular pulse in Fig. 18.27? 



Figure 18.27 

Solution 


f(t) = 


t, 

0 , 


0 < t < 1 
otherwise 


f‘(t) 



I- 


ô(t-l) 



f’(t) = ô(t) - ô(t - 1) - ô'(t - 1) 
Taking the Fourier transform gives 
-co 2 F(co) = 1 - e' jco - jcoe' j “ 


F(g>) 


(1 + jco)e _jco -1 















or F(co) = J t e Jtot dt 

ax 

But [xe ax dx = — r (ax-l) + c 
J a~ 

—jco -t _ _ 

F (®) = , . v (-j mt -!) ò = — P + J®)e“ j “ -1] 

(-jco)- ©- 



Chapter 18, Solution 3. 


f(t) = 

F(co) = 


— t, - 2 < t < 2, f’(t) = —,-2<t<2 
2 2 


.-j®t 


[ — te JÍOt dt = — 1 -— (—jcot — 

o o/ :„\2 J 


- 2 2 


2(-jco) / 


2co 


[e _j ® 2 (-j co2 -1) - e j ® 2 (j 0)2 -1) ] 


2o) 


^-[-jo>2(e- ja,2 +e ja,2 )+e j ® 2 -e 


2o) 


(— j 0)4 cos 2o) + j2 sin 2o)) 


F(o)) = ^y(2ocos2o)-sin2co) 


0) 



Chapter 18, Solution 4. 


We can solve the problem by following the approach demonstrated in Example 18.5. 


28(4+1) t 



g" = -26(t +1) + 2S'(t +1) + 48(t) - 28(t -1) - 2ô'(t -1) 


(jco) 2 G(co) = -2e j ® + 2jcoe j ® + 4 - 2e“ j ® - 2jcoe“ j(0 
= -4cosco-4cosinco + 4 


G((o) = —— (cos co + © sin © — 1) 
ca" 




— 1 - 




1 „ 1 



—28(t) 


h”(t)| 
ô(t+l) t 1 - 


-1 



-2S’(t) 



h"(t) = ô(t + 1) - ô(t -1) - 2S'(t) 


(jco) z H(co) = e J ® -e J<B -2jco = 2jsinco 


H(co)= —-^j-si 

OJ (O 


-2 



Chapter 18, Solution 6. 

(a) The derivative of f(t) is shown below. 
f(t) 



/ '(0 = 5 ô(t) + 5S(t - 1) -10 ô(t - 2) 

Taking the Fourier transform of each term, 
jcoF((o) = 5 + 5e~ ja) -10e~ j2a> 


F{co) = 


5 + 5e~ jw -l0e- j2(O 
ja> 


(b) The derivative of g(t) is shown below. 



-58(t-l) 



The second derivative of g(t) is shown below. 


g”(t) 



g”(t) = 108’(t) - 5ô’(t—1) - 5ô(t—1) + 5ô(t—2) 

Take the Fourier transform of each tenn. 

(jco) 2 G(jco) = lOjoo — 5jcoe _j<0 - 5e J< ” + 5e j2í0 which leads to 
G(jco) = (— lOjco + 5jtoe' j “ + 5e“ j<0 - 5e“ j2 “)/w 2 



Chapter 18, Solution 7. 


(a) Take the derivative of fi(t) and obtain fi’(t) as shown below. 



-ô(t-l) -ô(t-2) 

Take the Fourier transform of each term, 

jojF^oj) = 2-e- ,(0 -e- ,1(0 

2 - p~ iw - p~ í2(0 

F t (OJ) =-;- 


(b) f 2 (t) = 5t 

00 2 c 2 

F 2 (co) = J f 2 (t)e- jco dt = J 5te~ ia dt = 

-00 0 \ J ' 

5e~ i2m 5 

F 2 (co) =-—(l + ;©2)- j 

a>~ a>~ 



Chapter 18, Solution 8. 


1 2 

F(co) = J 2e“ j(flt dt + J(4 - 2t)e' j(flt dt 
(a) ° 1 

2 -jcot d . 4 -jcot i2 2 — jcot/ • . n i2 

= ^—e J L+ —e J L-=-e J (-jcot-1) L 

-jCO -JCO -CO 2 

F(<o) = A + —e jro + — - —e j2<0 -\(l + j2co)e 
C0‘ jco jeo j(0 CO 


(b) g(t) = 2[ u(t+2) - u(t-2) ] - [ u(t+l) - u(t-l) ] 


. 4sm2co 2smco 

G(co) =- 

co co 


j2co 



Chapter 18, Solution 9. 


(a) y(t) = u(t+2) - u(t-2) + 2[ u(t+l) - u(t-l) ] 


Y(o) = 


—sin 2© H—sin© 
© © 


(b) Z(©) = J (-2t)e~ j<0 ‘dt = 
0 


- 2e 


-jcot 


-© 


<-j©t -1) 



2e“ jra 

——d + jco) 
©' 



Chapter 18, Solution 10. 


(a) x(t) = e 2t u(t) 


X(co) = l/(-2+jto) 


(b) e~ (t) = 


e \ t > 0 
e\ t<0 

Y(co) = J 1 y(t)e jcot dt = J° e' e JC0t dt + jV‘ e~ J0)t dt 


,(l-jra)t 


1-jco 


0 + e 


—(l+jco)t 


1 — (1 + jco) 


1 + C0“ 


-e 


COSCO + jsinco cosco- jsinco 


1 — jco 


1 +jco 


Y(co) = —~r[l _e 1 (cos ca-casino)] 


1 + CO 



Chapter 18, Solution 11. 


F(co) 


f(t) = sin n t [u(t) - u(t - 2 )] 
sin 7 rte~ J<ot dt= — f (< 

2j Jo V 




y^ dt 


2 j 

J_ 

2 j 

1 

2 


iy 




1 


—j(CO—Ti) t 


-j(cO-Tl) 


2 e 

H- 

0^ 


-j(eo+7c)t 


- j((0+7l) 


l-e~ j2 “ l-e _j2t0 ^ 

-+- 


7X — CO 


7X + CO 


2(7l 2 -CO 2 ) 


(27T + 2 jr:e j2í0 ) 


F(co) 


71 




2 2 

CO -71 


-1 



Chapter 18, Solution 12. 


(a) F l (co) = 


10 

(3+ jaf+ioo 


(b) F 2 {co) = 


4 + j<o 

(4+ jo)) 2 +m 



Chapter 18, Solution 13. 


(a) We know that F[cos at] = tt[ô(co - a) + ô(co + a)]. 

Using the time shifting property, 

F[cosa(t - 7i/3a)] = 7te“ JCO,t/3a [ô(© - a) + 8(co + a)] = 7ie“ J * /3 8((o - a) + 7ie JIt/J ô(© + a) 

(b) sin Tc(t +1) = sin Txt cos n + cos 7rt sin n = - sin 7rt 
g(t) = -u(t+l) sin (t+1) 

Let x(t) = u(t)sin t, then X(co) =- \ -= —í— 

(jco) 2 +l 1-co 2 

Using the time shifting property, 


G(co) = - 


1-co 2 


-. 


co 2 -l 


(c ) Let y(t) = 1 + Asin at, then Y(co) = 27tô(co) + j7tA[S(co + a) - 8(co - a)] 


h(t) = y(t) cos bt 
Using the modulation property, 

H(co) = |[Y(o) + b) + Y(co - b)] 


H(co) = 7i[ô(© + b) + ô(co - b)] + ^ [ô(co + a + b) - ô(co - a + b) + ô(co + a - b) - ô(co - a - b)] 

2 


r e~ j(0t e" jcot 

(d) I(co) = í (1 - t)e“ Jcot dt = —- r (-j©t -1) 

0 -Jffl -fl> 


1 e“ j4o> e“ j4ft> 

2 2 ~ 

CO JCO (0 


4 

0 


(J4C0 + 1) 




Chapter 18, Solution 14. 


Design a problem to help other students to better understand finding the Fourier transform of a 
variety of time varying functions (do at least three). 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the Fourier transforms of these functions: 

(a) f{t) = e ' cos (3 1 + n) u(t ) 

(b) g(t) = sin 7i t [ u(t + 1) - u(t- 1)] 

(c) h{t) = e 1 ' cos 7rt u(t- 1) 

(d) p(t) = e 2t sin At u(-t) 

(e) q(t) = 4 sgn (t - 2) + 3 õ(t) -2 u(t - 2) 

Solution 


(a) 


cos(3t + n) = cos 3t cos n - sin 3t sin n = cos 3t(—1) - sin 3t(0) = -cos(3t) 


f (t) = -e 1 cos3tu(t) 


F(co) 


- (l + jo>) 

(l + jco) 2 + 9 





g'(t) = 7TCOS TCt[u(t - 1) - U(t - 1)] 
g" (t) = —TC 2 g(t) - 7lô(t + 1) + 7tS(t - 1) 

- co 2 G(co) = -7t 2 G(co) - 7ce j0) + Tte - *" 

( 7 c 2 -co 2 )g(co) = -7t(e JÍ0 -e~ Jt0 ) = -2j7tsmco 

2j7isinco 


G(co) = 


2 2 

co -n 


Altematively, we compare this with Prob. 17.7 

f(t) = g(t - 1) 

F(co) = G(co)e 


JG> 


G(co) = F(co)e j<0 = 

_ - j27rsinco 

— 2 2 

CO — K 


n 


2 2 

CO -71 


(e- jra -e jí0 ) 


G(co) = 


2jnsinco 

2 2 

71 -CO 


(c) cos7r(t-l) =cos7rtcos7T + sin7rtsin7T = cos7tt(-l) + sin7rt(0) = -cos7rt 
Let x(t) = e 2(t_1) cos rc(t - l)u(t -1) = -e 2 h(t) 
and y(t) = e 2t cos(7d)u(t) 

2 +jco 


Y(co) = 2 , 

(2 + jco) 2 + n 

y(t) = x(t-i) 

Y(co) = X(co)e _jto 


X(co) 


(2 + jco)e 

>) 2 


(2 + jco) + TZ 


X(co) = -e 2 H(co) 

H(co) = -e 2 X(co) 

= -(z + jcay- 2 
(2 + jco) 2 + n‘ 

(d) Let x(t) = e _2t sin(-4t)u(-t) = y(-t) 
p(t) = —x(t) 

where y(t) = e 2t sin 4t u(t) 

2 +jco 


Y(co) = 


(2 + jco) 2 + 4 2 


X(co) = Y(-co) = 


2-jco 


(2-jco) 2 +16 



P(o>) = -X(to) = J(0 2 - 

(jco-2) 2 +16 

O í 1 N 

(e) Q(co) = — e~ j<o2 +3-2 ttô(co) + — e~ jto2 
jco ^ jcoj 

Q(co) = —e jro2 +3-27iÔ(cü)e j “ 2 

j® 



Chapter 18, Solution 15. 


(a) F(co) = e j3 “ -e~ jto3 = 2jsin3(o 

(b) Let g(t) = 2ô(t -1), G(co) = 2e H<0 
F(co)= fQ' g(t)dtj 

= ——— + ttF( 0 )ô(co) 
jco 

2e _j<0 

=-+ 2ttô(-1)ô(co) 

jco 

_ 2e~ Jco 

j<o 


(c) 


F[5(2t)] = i-1 


F(co) = — • 1 
3 



j® 

2 



Chapter 18, Solution 16. 


(a) Using duality properly 


or 


-2 

co 2 


-2 

t 2 

_4 

72" 


► 27t|co| 
— 47X |co| 


(b) c 


2a 


2 , 2 

a + co 


2a 


a 2 +1 2 


-> 27te~ 


F(co) = F 


í A \ 


Vi J 


= -471(0 


a 2 +t 2 


-> 47te 


-2 co 


G(co) = F 


í 8 V 


V 4 + t 2 y 


= 47ie 


-2 co 



Chapter 18, Solution 17. 


(a) Since H(co) = F (cosco 0 t f(t)) = ^[F(co + co 0 ) + F(co-co 0 )] 

where F(co) = F [u(t)] = 7tô(co) + —, co 0 = 2 

jco 


H( ro )=i 


7t8((o + 2)+ 1 +7t6(co-2)+ 1 

j(co + 2) j(co-2)_ 


—[§(co+2)+ô(to - 2)] - j- / co+2 ; (ú ~ 2 , l 
2 LV V J 2 |_(co + 2)(co- 2)J 


H(co) = |[ô(o> + 2) + ô(co-2)]--^ 


(b) G(co) = F [sinco 0 t f(t)] = ^-[f(co + co 0 )-F(co-co 0 )] 

where F(co) = F [u (t)] = 7 tõ(co) + — 

jco 

G( “)= í f" 8 *» +10)+ 1(^TTÕ) - tó(o> ’ 10) - jÇTIõJ 


= f[8(® + 10)-S(o>-10)] + i — 

2 2 co-10 co + 10 



Chapter 18, Solution 18. 


(a) F[f(t-t a )]= \ f(t-t 0 )e j ‘ 0, dt 

-oo 

Let t-t 0 =Â - > t = A + t a , dt = dÂ 

oo 

F[f(t-t a )]=\ f(Ã)e dÃ =e j<ot °F((o ) 


i 1 r 00 

(b) Giventhat f (t) = F [F(co)] = — í F(o))e lw, d<x> 

2n J -°° 


f\t) = 

or 


. oo 

f F(co)e iM dt = jcoF '[F(co)\ 
2n -L 


^[/'(0] = 7®^(®) 


(c ) This is a special case of the time scaling property when a = -1. 
F[f(-t)] = -^-F(-a>) = F(-a>) 


Í oo 

f(t)e- ]í0, dt 

-00 

Differentiating both sides respect to co and multiplying by t yields 


j dl {0>) = j f (-jt)f(t)e JC0 'dt= f tf(t)e 

n m J J 


jcot 


d<x> 
Hence, 

. dF(a>) 


dt 


]■ 


dco 


Hence, 


= F[tf(t)] 



Chapter 18, Solution 19. 



F <“) = ^íil e_il “* 2 ' ) ‘ +e 



1 

2 


-j(co + 27r) 


-j(ffl)+2íi)t 


— j(co — 2 tt) 


—j (cO—2 TC )t 



1 e _ j( t0+2 ’ 1 ) _ 1 e ~j(c0-2jl) _ 1 

2 _ j (co + 2n) j(co - 2n ) 


But 


e i2n = cos 2n + j sin 2n = 1 = e ]2n 



1 f e“ jt0 -lY 1 1 ^ 

— -.-- 1 - 

2^ j Jv® + 2tt (ú-2nj 




Chapter 18, Solution 20. 


(a) F(c n ) = c n ô(co) 

F(c„ ejnWot ) = c n ô(co-n(o 0 ) 


Z C n eJnffl0t = E 

Vn=-oo / n=-oo 


(b) 


T = 2n 


■> 271 i 

® 0 = —= 1 


c.~^ ( t)e-~*=£(j>-*a + 0 


1 

27T 


-e 

. j n 


jnt Ti 
0 


= J_( e - jnit -i) 

2nn V 


But e Jira = cosn7t + jsinn7T; = cosn7t = (-!)" 


c„ = ■ 


j [(-l) n -l 


2n7t 


0, n=even 


-J 


n=odd,n^0 


for n = 0 

1 f* 1 

c = — ldt = - 
n 2 tt Jo 'y 


Hence 


1 00 i 

2 


jnt 


n=-oo 

n*0 

n=odd 


nn 


F(co) = —ôoD- V — ô(co-n) 
2 "" 


n=-oo 

n?tO 

n=odd 



Chapter 18, Solution 21. 


Using Parseval’s theorem, 

Í oo o 1 roo o 

f 2 (t)dt = —í I F(co) I 2 dco 

-oo 2n J - x 

If f(t) = u(t+a) - u(t+a), then 

-2.x, r a ... ? , „ 1 f 00 „ 2 1 sin aco , 

f (t)dt = (1) dt = 2a =— 4a - dco 

J -a w 2n J ~™ { aco J 

or 

r«> (sinacoY , 4rca n . , 

- dco = —- = — as required. 

J -°'\ aco ) 4a a 




Chapter 18, Solution 22. 


r , i.co fe^o 1 _ e -j“ot) 

F [f(t)sinco o t] = [ f(t)^- '-Q JC0t dt 

J-CC 2j 

= — [r f(t)e" j( “ _<0o)t dt- P e- j(co+coJt dt 

J-00 J-00 

= [ F (cO - C 0 o )-F(cO + C0 o )] 
2j 



Chapter 18, Solution 23. 


(a) f(3t) leads to — 


10 


30 


3 (2 + joo/3X5 + jco/3) (6 +jco)(l5 +jco) 


F[f(-3t)] = 


(b) f(2t) - 


30 


(6 —jcoX 1 ^ —joo) 


10 


20 


f(2t-l) = f [2(t-l/2)] 
(c) f(t) cos 2t - 


]_ ___ 

2 ’ (2 + jco/2)(15 + jco/2) “ (4 + jco)(l0 + jco) 

20e" j<0/2 


(4 + jco)(l0 + jco) 


► ^■F(co + 2) + ^-F(co + 2) 


í + 


[2 + j(co + 2)][5 + j(co + 2 )] [2 + j(co - 2 J 5 + j((D - 2 )]] 


(d) F [f ’ (t)] = jcoF(co) = 


jcolO 


(2 + jcoX5 + jco) 


(e) f f(t)dt 

J —00 


F(m) 

j(w) 


+ 7tF(o)S(co) 


10 


■+ 7ti 


S(co) 


xlO 


jco(2 + jcoX5 + jco) v "2x5 

10 


jco(2 + jcoX 5 + j®) 


~ \ + Tcô(co) 



Chapter 18, Solution 24. 



i) 


(b) y(t) = f(t — 2) 

Y(co) = e jlu2 F(co) = — (e _j “ -1) 


,-j2co 


(c) If h(t) = f'(t) 

H(co)= jcoF(co) = jco—(e~ jco -l)= l-e“ J 


co 


(d) g(t) = 4f 


(2 3 


( 5 'l 

3 

(3 3 

3 

(3 } 

-t 

+ 10f 

-t 

, G(co) = 4x —F 

—co 

+ 10x-F 

— co 

v3 ; 


V3 ) 

2 

V2 2 

5 

V5 J 




Chapter 18, Solution 25. 


(a) g(t) = 5e 2 *u(t) 

(b) h(t) = 6e” 2t 

A B 

(c) X{o)) = -- +- s = jco 

5-1 5-2 


A= —= -10, 
1-2 

X(o)) = ^- + 


B = ^ = 10 


2-1 


10 


jco -1 jco-2 


x(t) = (-10e‘u(t)+10e 2t )u(t) 


(a) 5e 2 ‘u(t), (b) 6e" 2t , (c) (-10e'u(t)+10e 2t )u(t) 



Chapter 18, Solution 26. 


(a) f(t) = e~ (t ~ 2) u(t) 

(b) h(t) = te“ 4t u(t) 

(c) If x(t) = u(t +1) — u(t — 1) - > X(co) = : 

By using duality property, 

G(co) = 2u(ca + l) - 2u(co-l) -> g(t) 


sina 

co 


2sint 

7lt 



Chapter 18, Solution 27. 


(a) Let F(s) = 


100 _ A B 

s(s + 10) s s + 10 


s = jco 


A = — = 10, B = —= -10 


10 

w X 10 10 

F(co) = --- 


-10 


jco jco + 10 
f(t) = (5sgn(t)-10e _lot )u(t) 


(b) G(s) 


lOs 

(2-s)(3 + s) 


A B 

2-s s+3 


A = 


20 

5 


= 4, 



s = jco 


G(co) = 

g(t) = 
(c) h(co) = 


_4_6_ 

= -jco+ 2 jco+ 3 

4e 2t u(-1)- 6e 3t u(t) 

_60_ 

(jco) 2 + j40co + 1300 


60 

(jco + 20) 2 +900 


h(t) 

(d) y(t) 


2e“ 20t sin(30t)u(t) 

J_p S(co)e jcol dco _ 1 

2iz ^ ce (2 +jco)(jco + l) 224 



Chapter 18, Solution 28. 


(a) 


f (t) = — f" F(co)e jtot dco 
2n J -°° 


1 1 _ 1 
2 (5)(2) “ 20 


0.05 


1 r» 7TÔ(C0)e J 

— -dco 

2n J -°° (5 + jco)(2 + jco) 


(b) 


f(t) = 7 - 

2n 


Lf 105(m+2) e'"do> = 

( TT J- 


10 


,-j2t 


j5 e 


J2t 


2tt: 1 — j2 


jco( jco + 1) 

= (-2 +j)e~ J2t 
2n 


2 n (-j2)(-j2 + 1) 


(c) 


f(o=— 

Z7C 


1 r a 


20ô(co-l)e jtot 20 

-dco = 


(2 + jco)(3 + 5co) 


2tc (2 +j)(3 +j) 


20e J 


d-j)e j 


2tx( 5 +5j) 


n 


(d) Let F (( o) = Lí5W + 




(5 + jco) jco(5 + jco) 

57TÔ(co) 

-1 

2tt: j ~°° 5 + jco 


= Fj (co) + F 2 (co) 


5 71 1 

dco = — - = 0.5 
2n 5 


3 AR 

F ^ s ) = ^^ = - + ^ ’ A = 1’B = -1 

s(5 + s) s s + 5 

F,(to) = —^ 
jco jco + 5 

f 2 (0 = ^ sgn(t) - e~ 5t =-^- + u(t)-e 5t 
f(t) = f I (t) + f 2 (t)= u(t) -e“ 5t 



Chapter 18, Solution 29. 


(a) 


f(t) = F 1 [õ(co)] + F 1 [ 45(co + 3) + 45(03 3) ] 


1 4cos3t 
2n n 


— (l + 8cos 3t) 
2n 


(b) If h(t) = u(t + 2)-u(t-2) 


H(co) = 


2 sin 2co 


co 


G(co) = 4H(co) 

.. 4sin2t 

g(t) = -— 

TCt 


. 1 8sin2t 

«<•) = -—— 
271 t 


(c) Since 

cos(at) 7 tô(co + a) + kõ(co - a) 
Using the reversal property, 

27TCOS 2C0 <-> 7TÔ(t + 2) + TCÕ(t - 2) 
or F a [6 cos 2co] = 3ô(t + 2) + 3ô(t _ 2) 



Chapter 18, Solution 30. 


(a) y(t) = sgn(t) 


TT / , Y(cd) 2(a + jco) „ , 
H(co) = __ =- : - -2 + 


> Y(co) = —, 

JCO 

2a 


X(G>) 


JCO 


J® 


X(co) = 


1 


a + jco 

h(t) = 2ô(t) + a[u(t) - u(—t)] 


(b) X(co) = 


1+ jco 


Y(co) = 


2 +jco 


Hto) = i±^ = l-' 

2 +jco 2 +jco 


h(t) = ô(t) -e“ 2t u(t) 


(c ) In this case, by definition, h(t) = y(t) = e at sinbt u(t) 



Chapter 18, Solution 31. 


(a) 

(b) 

(c) 

X(a>) 


Y(co) =- 1 —H(co) = —— 

(a + jco) 2 a + jco 


X (“) = T^ = —-> x(t) = e“ a ‘u(t) 

H(co) a + jco - 


By definition, x(t) = y(t) = u(t +1) - u(t -1) 


Y (co) =---, H(co) = — 

(a + jco) j® 


Y(co) _ jco _ 1 a 
H(co) 2(a + jco) 2 2(a + jco) 


x(t) = iô(t)-^ 
2 2 


e“ a ‘u(t) 



Chapter 18, Solution 32. 


-JCO 


(a) 


(b) 


Since - 

jco + 1 

and F(-cd) 




e (t '*u(t -1) 


F i(®)= . 

-jco + 1 

f i (t) = e (t+l) u(-t-l) 
From Section 17.3, 


f(-t) 


fi(t) = e^ , " 1) u(-t-l) 


-> 2ne~ 


t 2 +l 

If F 2 (co) = 2e “, then 

2 

Tc(t 2 +l) 


f 2 (t) 


(b) By partial fractions 


1 

4 


1 

4 


1 

4 


1 

4 


(jw + l) 2 (jco-l) 2 (jco + l) 2 (jco + 1) (jco-l) 2 jco-1 


(d) 


Hence f 3 (t) = — (te 1 +e 1 + te 1 -e*)u(t) 

= i(t+i> i n( t )+t(t-i> i ii( t ) 

' J F,(co)e j “ t dw = — P 

v ’ V ’ 1+ i2co 


1 

271 



Chapter 18, Solution 33. 


(a) Let x(t) = 2 sin 7rt[u(t +1) - u(t -1)] 


FromProblem 17.9(b), 


x(co) = 


4j7tsinco 

2 2 ~ 

n -co 


Applying duality property, 


2 w 

TC -1 


f(t) 


2jsint 
t — K 


(b) F(co) = — (cos 2co - j sin 2co) - — (cos co - j sin co) 
co 

= — (e j2t0 
co 


co 

J2to 


JCO JCO 


f(t) = |sgn(t-l)-|sgn(t-2) 
But sgn(t) = 2u(t) -1 
f(t) = u(t-l)-|-u(t-2) + | 

= u (t -1)-u(t - 2) 



Chapter 18, Solution 34. 


First, we find G(co) for g(t) shown below. 

g(t) = 10[u(t + 2)- u(t - 2)] + 10[u(t +1) — u(t — l)] 

g'(t) = 10[S(t + 2)-ô(t - 2)] + 10[s(t + l)-ô(t -1)] 

The Fourier transform of each term gives 



g ‘(t) 

108(t+2) 108(t+l) 


1 I I I I J* 


-2 -1 


-lOS(t-l) —10S(t-2) 

jcoG(co) = lo(e j(o2 - e~ jlo 2 )+lo(e j “ - e~ jt0 ) 

= 20j sin 2co + 20j sin co 

„/ \ 20sin2co 20sinco .. . . .. . , . 

G(co) =-h-= 40 smc(2co) + 20 sinc(co) 

co co 

Note that G(co) = G(-co). 

F(co) = 2 tcG(- co) 

2n 

= (20/ji)sinc(2t) + (10/7i)sinc(t) 



Chapter 18, Solution 35. 


(a) x(t) = f[3(t-1/3)]. Using the scaling and time shifting properties, 


1 1 p - j ®'- 3 

X(co) = - ---e“ jo)/3 = —- 

3 2 + jco/3 (6 + jca) 


(b) Using the modulation property, 


Y(©) = ~[F(co + 5) + F(co - 5)] = ^ 1 + 1 

2 2 2 + j(od + 5) 2 + j(co-5) 


Z(od) = jcoF(o)) = 


2 + jra 


H(ffl) = F(g>)F(g>) = 


(2 + jco) 2 


y / \ ■ d , . (0-j) 1 

Kcd) = J — F(co) = J—-—7- = —-—T 

d® (2 + jca) (2 + jco)' 




Please note, the units are not known since the transfer function does not give 
them. If the transfer function was a voltage gain then the units on y(t) would be 
volts. 



Chapter 18, Solution 37. 



j2co 
2 +jco 


By current division, 


H(co) = 


LlM 


j2co 
2 +jco 


4 + 


j2co 
2 +jco 


j2co 

j2co + 8 + j4co 


H(co) = 


jo> 

4 + j3co 



Chapter 18, Solution 38. 


Using Fig. 18.40, design a problem to help other students to better understand using 
Fourier transforms to do circuit analysis. 

Although there are many ways to solve this problem, this is an example based on the 
same kind of problem asked in the third edition. 

Problem 

Suppose v s (t) = u(t) for t>0. Determine i(t) in the circuit of Fig. 18.40 using Fourier 
transform. 


1 Q 



Figure 18.40 For Prob. 18.38. 


Solution 


V s = 7TÔ(C0) + — 

jo) 


I(0)) = 


V,. 


1 


í 


1+ j CO 1+ jco 


1 


A 


Let I(co) = I 1 (co) + I 2 (co) = ^^- + 


7lÔ(C0)-\ - 

v ja>J 

1 


I 2 (o}) = - 


1 


A B 
■ = — + 


jú)( 1+ jco) S 5 + 1 


l+jco jco(\ + jco) 
s = jco 


where A = - = 1, B = — = -1 
1 -1 


, , 1 -1 
/ 2 (íy) — — —i—7 


1 1 (®) = 


jco jco +1 
nô{co) 

1 + jco 


-> 4(0 = ^sgn(0-e _f 



J _r^M e ,„ ia = 

2 n 1 + jco 


1 e ]m 


21 + jco 


a> = 0 


1 

2 


Hence, 


40 =4 (0 + 4(0 = 


1 

2 


+ ~sgn(r) ■ 



Chapter 18, Solution 39. 


i(o>) 


00 

V s (co) = J (1 — t)e —jcot dt 

— 00 


J_ + J_l_ 

j® co 2 co 2 


e - jco 


v.(q>) 

10 3 + jcoxlO -3 


10 3 ( 1 1 1 ^ 

—^-^ + -V--^e - JC0 

10 +j03^j(0 (0‘ CO' , 



Chapter 18, Solution 40. 


Now 


But 


i(t) = 


v(t) = S(t) - 2ô(t -1) + ô(t - 2) 
-co 2 V(co) = l-2e~ jco +e jto2 


V(to) = 


l-2e- J(0 +e Hco2 


-co" 


Z(co) = 2 H-= 

jco 


1 1 + j2co 


jco 


1 = 


JCO 


V(co) _ 2e jt0 -e jco2 -1 _ 

Z(co) co 2 l + j2co 

—-rÍ0.5 + 0.5e" 

jco(0.5 + jco) 

1 


jco2 _g-j® 


A B 

- —-1- 

s(s + 0.5) s s + 0.5 


l(co) = — (o.5 + 0.5e jto2 -e~ j<0 )- 


► A = 2, B = -2 
2 


jco 


0.5 + jco 


(o.5 + 0.5e~ jCÍ>2 - e” jt0 ) 


-sgn(t) + — sgn(t - 2) - sgn(t -1) - e- 0 ' 5t u(t) - e-°- s<t - 2 ’u(t - 2) - 2e- 0 ' S(t - 1, u(t -1) 

2 2 



Chapter 18, Solution 41. 


2 



(2 + jto)(4-2co 2 + jco) 




Chapter 18, Solution 42. 

By current division, I 0 = 


2 +jco 




(a) For i(t) = 5 sgn (t), 

T / X 10 

I (co) = — 

JCO 

2 10 _ 


20 


2 +jco jco jco(2 + jco) 

T T 20 A B . „ 

Let I =-= —l-, A = 10, B = 

s(s + 2) s s + 2 

iH 10 10 

I oH=—- 


-10 


jco 2 +jco 
io(t) = 5sgn(t)-10e~ 2t u(t)A 


(b) 


Â 

A — 





_w 


l t 


i'(t) = 4ô(t) — 4ô(t — 1) 
jcol(co) = 4-4e~ Jto 

.(«,)= ^ 


JCO 

, _ «(l-e-*) ^ 1 

jco(2 + jco) 


1 


jco 2 + jcoJ 


4S(t) 




4e~ J “ 4e~ Jt0 
- + ■ 


i’(t) 


—4S(t—1) 


jco 2 +jco jco 2 +jco 

i 0 (t) = 2sgn(t)-2sgn(t-l)-4e“ 2t u(t) + 4e“ 2<t_1) u(t-l)A 




Chapter 18, Solution 43 


20 mF 


V, 


V, 


1 1 50 

jcoC j20xl0“ 3 co j»’ 


i s =5e- 1 


40 + 


40 T 50 


jco 


JCO 


250 

(s + l)(s + 1.25) ’ 


s = jco 


A B 

- 1 - 

s +1 s +1.25 


= 1000 


1 

s + 1 


1 

s + 1.25 


v 0 (t) = l(e _lt -e _1 ' 2St )u(t) kV 



Chapter 18, Solution 44. 

1H-► jco 

We transform the voltage source to a current source as shown in Fig. (a) and then 
combine the two parallel 2Q resistors, as shown in Fig. (b). 



Io 





Io 


JCO 


1 V 

2 2 = 1Q, F =-+ 

11 1 + jco 2 

2(1 + jco) 

v s (t) = 10ô(t) - 10ô(t - 2) 
jcoV s (co) = 10-10e j2t ° 
lo(l — e j2co ) 
jco 


V.(to) = 


Hence V = 


_ 5(l — e j2co ) _ 5 


-j2co 


1 + jco 1 + jco 1 + jco 
v 0 (t) = 5e~ l u(t) -5e _(t 2> u(t - 2) 


v 0 (l) = 5e _1 - 0= 1.839 V 



Chapter 18, Solution 45. 

We may convert the voltage source to a current source as shown below. 



Combining the two 2-Q resistors gives 1 Q. The circuit now becomes that 
shown below. 

I 



1 H 


/ = = ^_ 5 _ = _ 5 _ 

1 + jco 2 1 + jco 2 + jco (s + l)(s + 2) 

A B 

—- 1 - 

5+1 5+2 

where A = 5/1 = 5, fí = 5/-1 = -5 


5 + 1 5 + 2 


s = ja> 


i(t) = 5(e~' -e~ 2 ')u(t) A 



Chapter 18, Solution 46. 

If — 

4 


1 -j4 


jco 


CO 


2H -► jco2 

38(t) -► 3 


e ‘ u (t) 


1 +jco 


The circuit in the frequency domain is shown below: 

2Q V 0 



Io(co) 


j2co 


—-V 

1 + jco , 3-V 0 v 0 


J4 j2co 

CO 


1 + jco 


:-2V 0 + jco3-jcoV 0 


V.. = 


1 + jco 


+ jco3 


2 +jco- — 

CO 


j2V 0 

CO 


r»=^+= 

j2co 


2 +jco3-3or 
1 + jco 


j2co 2 +jco- 

l co J 


CO 

Io(co) = 


2 +jco 2 -3co 2 


4 - 6co + j(8co - 2co ) 





Chapter 18, Solution 47. 


1 

2 


F 


1 

-> - : 

jcoC 

i 0 =—V 1 * 
1 +— 
jco 


2 

jO) 


V =—I = ^ I 


O A 0 

jco 


1 + 


JCO 


16 


(s + l)(s + 2) 


S = JCO 


A B 

—-1- 

5+1 5+2 

where A = 16/1 = 16, B = 16/(- 


_ 2 _ 8 _ 

2 + jco 1 + jco 


1) =-16 


Thus, 


v Q (t) = 16(e _t - e _2t )u(t) V. 



Chapter 18, Solution 48. 


0.2F 


1 


__ J5 

jcoC co 


As an integrator, 


RC = 20 xl0 3 x 20x10^ =0.4 


1 f« 


v.. = -- 


RC 


fv,d, 


V.. = — 


RC 


+ ti V, (0)5(co) 
jco 


1 

Õ4 


y. 


I = —mA = -0.125 
0 20 


jco(2 +jco) 
2 


jco(2 +jco) 


+ 7CÔ(co) 

+ 7cS(co) 


0.125 0.125 _/ x 

■ +-;-0.1257CÔ(co) 


jco 2 +jco 


i o ( t ) = -0.125sgn(t) + 0.125e 2t u(t)- f 7cô(co)e Jlüt dt 

271 J 

= 0.125 + 0.25u(t) + 0.125e 2t u(t) - 


i 0 (t) = [0.625 - 0.25u(t) + 0.125e _2t u(t)]mA 



Chapter 18, Solution 49. 


Consider the circuit shown below: 




V s ( - 


V s = 7t[S (co +1) + ô (co - 2)] 

For mesh 1, -V s +(2 +j2co)l 1 -2I 2 - jcoI 2 =0 
V s =2(l + jco)lj -(2 + jco)l 2 

For mesh 2, 0 = (3 +jco)l 2 -2Ij - jcolj 

(3 + co)l 2 
1 (2 + co) 

Substituting (2) into (1) gives 

v =2 2(l- t -j t0 )(3 + jq>)l a _ (2 + j0j)l 
s 2 + jco ' 2 

V s (2 + co) = [ 2(3 + j4co - co 2 )- (4 + j4co - co 2 )]l 2 
= I 2 (2 +j4co-co 2 ) 

T _. (s + 2 k 

±2 n. , S JCO 

s 2 + 4s + 2 


V =1, = 

O 2 


(jco + 2)n [S (co +1) + S (co -1)] 


1Q Vo 


(jco) 2 + jco4 + 2 

v » (t) = ^£“d® 

— (jco + 2)e Jcot ô(co + l)dco — (jco + 2)e J<flt ô(co-l)dc 

= [ —--- h— --- 

J - co (jco) 2 + jco4 + 2 1 1 0 


(jco) 2 + jco4 + 2 




|(-j + 2)eJ* i(j+2 >» 

— 1 — j4 + 2 + -l + j4 + 2 

|(2-j)(!+j4) i(2-j)(l-j4)e» 

1 = ^-e jl +—- 

17 17 

= —(6 + j7)e J, + — (6-j7)e Jt 
34 v 34 v 

= 0.271e~ j(t ~ 13 ' 64O) + 0.271e j(t-13 ' 64 ° ) 

v G (t)= 542cos(t-13.64°) mV 



Chapter 18, Solution 50. 


Consider the circuit shown below: 


j0.5co 

1Q 



For loop 1, 

— 2 + (l + jco)l] + j0.5col2 = 0 (1) 

For loop 2, 

(l + jco)l 2 + jO.ScoIj = 0 (2) 

From (2), 

j _ (l + jco)l 2 _ 2 (l + jco)l 2 
-j0.5co jco 


Substituting this into (1), 

2 _ ~ 2(1 + jco)l 2 | jco l 
jco 2 

2jco = - 4 + j4co—co 2 
V 2 


V„ 


2 jco 

4 + j4co-1.5co 2 
j ~2jco 

4 +j4co + 1.5(jco)~ 


V. 


8 

3 


JCO 


. 8co /. \2 
+ Jy + (j®) 


-4 


— + ICO 

3 


[4 . ) 

2 

rvsi 

T + J® 

+ 

— 

V3 ) 


1 3 J 


+ 


16 

3 


(4 . 3 

2 


T + J® 

+ 

— 

V3 J 


1 3 J 


V 0 (t) = -4e“ 4t/3 cos| 


s 


u(t) + 5.657e“ 4t/3 sin| 


s 


u(t) V 




Chapter 18, Solution 51. 


In the frequency domain, the voltage across the 2-Q resistor is 

10 20 


2 2 
V(co) = - V. = 


2 + jco 2+ jco 1 + jco (5 + l)(5 + 2) 


s = 


.... A B 
y(í) =—+ 


5+1 5+2 

A = 20/1 = 20, B = 20/-1 = -20 


V(G>) = - 


20 


20 


jco + 1 jco+2 
v(t ) = ( 20e~ r - 20e 2 ' j u(t) 

W = — J°°v 2 (t)dt = 0.5J 40o(e~ 2t +e“ 4t -3e“ 3t )dt 


2 J 0 
= 200 


V 2t e _4t 2e- 3 ° 
+ 


v 


-2 -4 


-3 


j 


16.667 J. 


jco 



Chapter 18, Solution 52. 


2.17 f 2 (t) dt = ~ JT |F(c°)| 2 dco 


= -f 

t r 


t ~—-dco = — tan 1 (co/3) 
n Jo 9 2 +G) 2 3n 



Chapter 18, Solution 53. 


If f(t) = e m , find J = r F(a >) 2 doo. 

J- oo 


Í oo 9 roo 9 

F(co) aco = 2n\ f 2 (t)dt 

-00 J —00 


f(t) 



t < 0 
t > 0 



— = 2tt[(1/4) + (1/4)] = n 

4 

0 



Chapter 18, Solution 54. 

Design a problem to help other students better understand finding the total energy in a given 
signal. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Given the signal/(í) = 4 e' u(t), what is the total energy in/í/)? 

Solution 

Win = fV(t)dt = 16fV 2, dt = -8e- 2t n = 8J 

J -00 Jo lo 



Chapter 18, Solution 55. 


f(t) 


5e 2 e f u(t) 

F(co) = 5e 2 /(l + jco), IF(co)l 2 = 25e 4 /(l + co 2 ) 


W in 



25e 4 p 1 
k ^ 1 + co 2 


dco = 


25e 4 

n 


tan '(co) 


= 12.5e 4 = 682.5 J 


W in = 


or 


J” f 2 (t)dt = 25e 4 J*e~ 2t dt = 12.5e 4 = 682.5 J 



Chapter 18, Solution 56. 


(a) W = J V 2 (t)dt = J fe^dt = (1 6t 2 + St + 2) 

-oo n ( — 4) 


(b) In the frequency domain, 

V(co) = --— 7 

(2 + jcof 


\V(o))\ 2 =V(o))V\(d) = 


1 


(4 + jcof 




1 1 


n 2x4 


co 


vco 2 +4 


+ 0.5tan ^O.Sco) 


32tt 


Fraction=^ = ^ 
W 0.0313 


= A = 0.0313 J 
64 - 


+ — = 0.0256 
64 


81.79% 



Chapter 18, Solution 57. 


W in = f i 2 (t)dt= í°4e 2t dt = 2e 2t |° = 2J or 

J— 00 J— 00 l—oo 

I(co) = 2/(1 - jco), II(co)l 2 = 4/(1 + co 2 ) 


a>>r^i 


2n J ~°° (1 + co ) 


dco = — tan 1 (co) = 


In the frequency range, -5 < co < 5, 


W = — tan -1 co = — tan -1 (5) = —(1.373) = 1.7487 


W/Wm = 1.7487/2 = 0.8743 or 

87.43% 



Chapter 18, Solution 58. 

co m = 20071 = 27tf m which leads to f m = 100 Hz 

(a) co c = ti x 1 0 4 = 27if c which leads to f c = 10 4 /2 = 5 kHz 

(b) lsb = f c -f m = 5,000- 100 = 4,900 Hz 

(c) usb = f c + f m = 5,000 + 100 = 5,100 Hz 



Chapter 18, Solution 59. 


10 _6 

H(co) = V °^ = 2 + j« 4 + jco = _5_3_ 

Vj(co) 2 2 + jco 4 + jco 


V 0 (co) = H(co) Vi (co) = í — ^ - -^—1 

^2 + jco 4 + jcoJl + jco 

20 12 

=-, S = ICO 

(s + l)(s + 2) (s + l)(s + 4) 

Using partial fraction, 

, A B C D 16 20 4 

V 0 (co) =-+-+-+-=-+- 

s + 1 s + 2 s + 1 s + 4 1 + jco 2 + jco 4 + jco 

Thus, 

v 0 (t) = (l6e * - 20e~ 2t + 4e~ 4t )u(t)V 



Chapter 18, Solution 60. 




v(t) = 1.2418 cos(27it - 41.92°) + 0.3954 cos(47tt + 129.1°) mV 



Chapter 18, Solution 61. 

y(t ) = (2 + cos <x> 0 t)x{t) 

We apply the Fourier Transform 

F(a>) = 2X(to) + 0.5X(to+a>o) + 0.5X(to-a> o ) 



Chapter 18, Solution 62. 

For the lower sideband, the frequencies range from 

10,000,000 - 3,500 Hz = 9,996,500 Hz to 

10,000,000-400 Hz = 9,999,600 Hz 

For the upper sideband, the frequencies range from 

10,000,000 + 400 Hz = 10,000,400 Hz to 

10,000,000 + 3,500 Hz = 10,003,500 Hz 



Chapter 18, Solution 63. 

Since f„ = 5 kHz, 2f n =10 kHz 

i.e. the stations must be spaced 10 kHz apart to avoid interference. 
Af = 1600-540 = 1060 kHz 
The number of stations = Af /10 kHz = 106 stations 



Chapter 18, Solution 64. 


Af = 108 - 88 MHz = 20 MHz 

The number of stations = 20 MHz/0.2 MHz = 100 stations 



Chapter 18, Solution 65 


co = 3.4 kHz 


f s = 2co = 6.8 kHz 



Chapter 18, Solution 66. 


co = 4.5 MHz 

f c = 2co = 9 MHz 

T s = l/f c = l/(9xl0 6 ) = 1.11x10 7 


= 111 ns 



Chapter 18, Solution 67. 


We first find the Fourier transform of g(t). We use the results of Example 17.2 in 
conjunction with the duality property. Let Arect(t) be a rectangular pulse of height A and 
width T as shown below. 



According to the duality property, 

Axsinc(xt/2) becomes 27tArect(x) 
g(t) = sinc(2007rt) becomes 27tArect(x) 
where Ar = 1 and x/2 = 200 tt or T = 40071 

i.e. the upper frequency co u = 40071 = 27tf u or f u = 200 Hz 
The Nyquist rate = f s = 200 Hz 


The Nyquist interval = l/f s = 1/200 = 5 ms 



Chapter 18, Solution 68. 


The total energy is 


W T = í v 2 (t)dt 

J-oo 


Since v(t) is an even function, 


J .oo . 

2500e~ 4t dt = 5000 

0 


.-4t 


-4 


1250 J 


V(co) = 50x4/(4 + co 2 ) 


W = — 
2n 


1 r 5 


(I V(o>) I 2 do> = — J, 


1 f 5 ( 200 )" 


2x2 


2n Jl (4 +co") 


dco 


But 


r—I 

J ( a 2 4. 


2x2 


(a + x ) 


dx = 


2a 2 


2 2 

x +a a 


+ —tan '(x/a) 


+ C 


w 


2xl0 4 1 
n 8 


co 1 

■ + —tan (co/2) 


4 + co 2 


(2500/7c)[(5/29) + 0.5tan"'(5/2) - (1/5) - 0.5tan _1 (l/2) = 267.19 


W/W T = 267.19/1250 = 0.2137 or 21.37% 



Chapter 18, Solution 69. 


The total energy is 




1 r°° 400 


2n 4~ + co" 


'[(l/4)tan-‘(aj/4)] 


- = ioo 5 =50 

0 K 2 


W = ^ r I F(C0 )| 2 dco = [ (17 4) tan 1 (c° / 4) ] 


[100/(27i)]tan _1 (2) = (50 /tt)( 1.107) = 17.6187 


W/W T = 17.6187/50 = 0.3524 or 35.24% 



Chapter 19, Solution 1. 


To get z n and z 21 , consider the circuit in Fig. (a). 


2 Q 8 Q I 2 = 0 



V 

z,, = — = 2Q 

I, 


To get z 22 and z 12 , consider the circuit in Fig. (b). 


I 1 = 0 2Í1 8 Q 



Hence, 



Chapter 19, Solution 2. 


Consider the circuit in Fig. (a) to get z n and z 21 . 




To get z 22 , consider the circuit in Fig. (b). 

I 1= 0 lfi 1Q 1Q 1 Q 



1Q 1Q 1Q 1Q 


(b) 



2 + 111 (2 + 111 3) = z n =2.733 


[z] = 


2.733 

0.06667 


0.06667 

2.733 



Chapter 19, Solution 3. 


We can use Figure 19.5 to determine the z-parameters. 
Zi2 = jl2 =z 2 l 

Zn - Zn = 8 or Zn = (8+j 12) O 
Z22 - Zn = -j20 or z 22 = (— j8) O 



Chapter 19, Solution 4. 

Using Fig. 19.68, design a problem to help other students to better understand how to determine 
z parameters from an electrical circuit. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Calculate the z parameters for the circuit in Fig. 19.68. 


O 


O 


jlO Q 

-nmn —-o 



-jS Q 


o 


Figure 19.68 

Solution 


Transform the n network to a T network. 


Zi Z 3 



Z, 

Z 2 

Z 3 


(12)(jl0) 
12 +jlO-j5 
-j60 
12 + j5 
50 

12 + j5 


j!20 
12 + j5 


The z parameters are 

Z 12 = Z 21 = Z 2 


(-j60)(12-j5) 


-1.775-j4.26 


144+25 






















Z n = Zj +z 


12 


Z 22 ^3 Z 21 


(jl20)(12 — j5) 
169 

(50)(12-j5) 


-+ z 


12 


169 


■ + z 


21 


= 1.775 + j4.26 

1.7758-j5.739 


1.775+ j4.26 -1.775-j4.26 

-1.775-j4.26 1.775-j5.739 


Thus, 



Chapter 19, Solution 5 



z„ =111-11 l + s + - = 


s 2 +S + 1 

Zl1 s 3 + 2s 2 +3s + l 


l + s + - 
s. 


i ¥ i 

- 7 1 + S + - 

S + 1/V s 


1 I 1 

- +1+S+- 

s + 1/ s 


1 1 

- + 1+S + - 
s s 


I =--I =■ 

1 1 1 1 

- 7 + 1+S + - 

s + 1 s 


+ s 2 + s + 1 


Io s 3 +2s 2 +3s + l I[ 


y o= il =_íi_ 

2 s ° s 3 +2s 2 +3s + l 


I, s 3 + 2s 2 +3s +1 

Consider the circuit in Fig. (b). 


I, =0 


z 


22 


Z 


22 


Z 


22 


I 


1 + s + lll 


V 


vsl 1 + s + s!i; 

1 1 

-+1+S+- 

s s + 1 


s + 2s + 2 


s 3 + 2s 2 + 3s +1 




fl + s + 


S/ S V 

1 

1 + S +- 

s + 1 


1 + s + s 2 +- 

s + 1 


s + ly 


Z 12 — Z 21 


Hence, 


[z] = 


S 2 +S + 1 
s 3 + 2s 2 + 3s +1 

1 


s' + 2s 2 + 3s +1 


1 

s 3 + 2s 2 + 3s +1 
s 2 +2s + 2 
s 3 + 2s 2 + 3s +1 



Chapter 19, Solution 6. 


To find Zn and Z21 , consider the circuit below. 


Ii 5Q 10Q 41 1 



To find Z12 and Z22, consider the circuit below. 


Ii=0 5Q 10Q 41 1 



V 2 =(10 + 20)/, =30 1 2 
z«=y- = 30n 

y, = 20/ 9 



V 

z 12 = — = 20 Q 

I 

1 2 

Thus, 


[z] = 


"25 

20" 

Q 

24 

3oJ 




Chapter 19, Solution 7 


To get Zn and Z 21 , we consider the circuit below. 

I 2 =0 



Vl-Vx V x , Vx+12V x 
20 50 160 

20 121 20 


40 

> V x =-V, 

121 


Vi 

Z 11 = —- = 29.88 
II 


13V 57 57 40 

V 2 = 60(—-^) -12V X = - —V x = )Vj = 

2 160 8 8 121 1 

= -70.371!-» z 21 = ^ = -70.37 

!l 


57 40 20x121 

ÍV 81 


To get Z 12 and z 22 , we consider the circuit below. 




50 


100 + 50 


1 

3 


v 2 =-v 2 , 


I 2 =^ + . 

150 


— = 1/0.09 = 11.11 

h 

v x = jV 2 = 1H1i 2 = 3.704I 2 


’ 2 + 12V, 

60 


29.88 3.704 

[z]= Q 

-70.37 11.11 






V 2 = (5 + 10 +j8)I 2 


■> 


z 22 


V2 

h 


= 15 + j8 


Vi=-(10 + j4)I 2 -> z 12 =^- = -(10 + j4) 

h 


Thus, 


(10 + J4) 
-(10 + J4) 


— (10 +j4) 
(15 + J8) 


Q 



Chapter 19, Solution 9. 


A v =^ 11^22 -yi 2 y 2 i = 0.5x0.4-0.2x0.2 = 0.16 


fe = _04 =25Q 
11 A„ 0.16 


z 12 = ~ y ' 2 = = 1.25 O = z 2 i 

A„ 0.16 


= Zü = ^ =3 . 125Q 


A v 0.16 


z=W= 


2.5 1.25 

1.25 3.125 



Chapter 19, Solution 10. 


(a) This is a non-reciprocal circuit so that the two-port looks like the one 
shown in Figs. (a) and (b). 



Ij 25 Q 10 Q I 2 



Figs. (c) and (d). 











2 




Chapter 19, Solution 11. 






Chapter 19, Solution 12. 


( 1 ) 

( 2 ) 

(3) 


V,=10/,-6/ 2 
V 2 =-4/ 2 +12/ 2 
V 2 =-Í0I 2 

If we convert the current source to a voltage source, that portion of the 
what is shown below. 



-12 + 6/, +Vj =0 -> V, =12 — 6/, 

Substituting (3) and (4) into (1) and (2), we get 

12-6/,= 107,-6/2 -> 12 = 16/, — 6/ 2 

_10/ 2 =-4/,+12/ 2 -> 0 = -4/,+22 / 2 -> /, =5.5/ 2 


12 = 88/ 2 -6/ 2 = 82/ 2 -> /, = 0.1463 A 

/, = 5.5/t = 0.8049 A 
V 2 = -10/ 2 = -1.463 V 
y, =12-6/, = 7.1706 V 


Circuit becomes 


(4) 


From (5) and (6), 


(5) 

( 6 ) 



Chapter 19, Solution 13. 

Consider the circuit as shown below. 



V 1= 40^ + 6012 (1) 

V 2 = SO^ + IOOI, ( 2 ) 

V 2 =-l 2 Z L = -l 2 (5+j4) (3) 

50 = ^ + 101, -> % = 50-101, (4) 

Substituting (4) in (1) 


50-1012 = 40 ^ + 6012 -> 5 = 512 + 612 ( 5 ) 

Substituting (3) into (2), 

-l 2 (5 + j4) = 8 OI 2 + 100l 2 -> 0 =8012 +(105+j4)l 2 

Solving (5) and (6) gives 

I 2 = -7.423 + j3.299 A 


We can check the answer using MATLAB. 


First we need to rewrite equations 1-4 as folio ws, 


( 6 ) 


"1 

0 

-40 

-60 ~ 

"Vil 


"0" 

0 

1 

-80 

-100 

V 2 

II 

X 

* 

< 

II 

0 

0 

1 

0 

5 + j4 

II 


0 

1 

0 

10 

0 

_I 2 ] 


50 


» A=[ 1,0,-40,-60;0,1 ,-80,-100;0,1,0,(5+4i); 1,0,10,0] 
A = 


l.Oe+002 * 

-0.4000 -0.6000 

-0.8000 -1.0000 

0 0.0500 + 0.0400Í 

0.1000 0 

» U=[0;0;0;50] 

U = 


0.0100 0 

0 0.0100 

0 0.0100 

0.0100 0 





50 

» X=inv(A)*U 
X = 

-49.0722 +39.5876Í 
50.3093 +13.1959Í 
9.9072 - 3.9588Í 
-7.4227 + 3.2990Í 



Chapter 19, Solution 14. 

To find Z Th , consider the circuit in Fig. (a). 


Ii I 2 



( 1 ) 
( 2 ) 

But 

V 2 =l, V 1= -Z s I, 


% — Z 11 ^1 + Z 12 ^2 
^2 = Z 21 ^1 Z 22 ^2 


Hence, 


0 (z 11 +Z s )I 1 +z 12 I 2 


j 12 


1 z,, + Z 


1 = 


+ Z 

V z „+Z s 22 , 


y ^2 _ \ _ Z 21 Z 12 

^Th — t y Z 22 — „ . rj 

^2 ^2 Z 11 + Z s 


To find V Th , consider the circuit in Fig. (b). 

Z S i! I 2 = 0 



i 2 = o, 


v,=v s 


I,Z 


s 


Substituting these into (1) and (2), 









Y 


V s -I 1 Z s =z 11 I I -> I I = 


Z 11 +Z S 


V 2 — z 21 Ij — 


z 21 v s 

Z 11 + Z s 


v -V - Z2lV ‘ 

▼ Th y ^ 


Z 11 + Z s 



Chapter 19, Solution 15 


(a) FromProb. 18.12, 


Z Th =z 22 -^2i- = 120-^5- = 24 
z u +Z s 40 + 10 


Z L — Zxh — 24Í2 


7 80 

(b) VTh = = i^ (120) = 192 

j + Z s 40 + 10 


4 w A 


max 


V 


Th 


V 2R Th J 


R Th = 4“x24 =384W 



Chapter 19, Solution 16. 

As a reciprocai two-port, the given circuit can be represented as shown in Fig. (a). 


50 10 - j6 O 4-j60 


15Z0° V 


(a) 


At terminais a-b, 

Z Th =(4-j6) + j6ll(5 + 10-j6) 
j6(15 — j6) 

Z Th = 4 - j6 + J 7 — 4 — j6 + 2.4 + j6 


15 


Z Th = 6.4 Q 



J4Q 


j6 


' Th 


j6 + 5 + 10 — j6 


(15Z0°) = j6 = 6Z90° V 


The Thevenin equivalent circuit is shown in Fig. (b). 

6.4 0 



J4 0 


From this, 


V "=íÍtj4 ( i 6) = 3 - 18Z148 ° 


v 0 (t) = 3.18cos(2t + 148°) V 








Chapter 19, Solution 17. 


To obtain z n and z 21 , consider the circuit in Fig. (a). 


8Q I 0 I 2 = 0 



In this case, the 8-0 and 16-0 resistors are in series, since the same current, I 0 , passes 
through them. Similarly, the 4-0 and 12-0 resistors are in series, since the same current, 
I 0 , passes through them. 

z. | = — = (8 +16) II (4 +12) = 24II16 = (24)(16) = 9.6 O 
11 I 2 40 

16 2 3 

l ° -I6 + 24 1 ' ~ 5 1 ' _ 5 

But -V 2 -8I 0 +4 I o =0 

OT . T ■ -16 t 12 -4 

~ "8I 0 4I 0 — ~I] + “I 1 — 

V -4 

z 21 = — = — = -0.8 O 
I, 5 



To get z 22 and z 12 , consider the circuit in Fig. (b). 


I, = 0 8 Q 



(b) 


z 22 =^- = (8 + 4) II (16 + 12) = 121128= (12)(28) = 8.40 
22 I 2 40 


Z| 2 =z 2 i =-0.8 0 


Thus, 


[z] = 


9.6 -0.8 

-0.8 8.4 


We may take advantage of Table 18.1 to get [y] from [z]. 


A, = (9.6)(8.4) - (0.8) 2 = 80 


= z^ = 8A = 0 ^ 05 s 

A z 80 

y 12 = 

-Z 21 _ 0.8 _ 0 Q1 g 

- 1 A_ 80 

y 22 = 


- z 


12 


A_ 


08 

80 


0.01 s 


ÍH = ^=0.12S 

A. 80 


Thus, 


[y] = 


0.105 0.01 

0.01 0.12 


s 



Chapter 19, Solution 18. 


To get y n and y 21 , consider the circuit in Fig.(a). 


Ij 6Q 3Q I 2 



V! = (6 + 6 II3)Ij = 8Ij 

I, 1 


-6 -2 V, - V, 

* 2 ~ 6 + 3 1 ' “3 8 “ 12 

= h = ± 

y21 V, 12 

To get y 22 and y 12 , consider the circuit in Fig.(b). 


Ii 6Q Io 3Q I 2 



1 


1 


y 22 


311(3 + 6116 ) 3116 


\_ 

2 


í 2 1 

í-n 

fl 1 

I, = —= 

— 

-V, 

1 6 1 

V6 ) 

v2 2 ) 


12 


3 

-1, 

3 + 6 2 


1 

-I, 

3 2 





y 12 


ÍL 

v 2 


-i _ 

12 “ y21 


Thus, 


1 



L 12 


-1 

12 

1 


S 


2 J 



Chapter 19, Solution 19. 


Using Fig. 19.80, design a problem to help other students to better understand how to find y 
parameters in the s-domain. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 


Find the y parameters of the two-port in Fig. 19.80 in terms of s. 


1 Q 

-A/vW 


=F 1 F 


1H 


o-- Wv\ --o 

1 Q 


Figure 19.80 

Solution 

Consider the Circuit in Fig.(a) for calculating y n and y 21 . 


Ii 1 h 



V, 

yn 


-112 

vs y 


2 / S X 

2 +(1/s) 1 



2s +1 
2 


s + 0.5 


2 

2s +1 1 


I 2 


(-Vs) 

(l/s)+ 2 1 


I, 

2s + 1 


% 

2 



























I 2 

y 21 = —= -0.5 

To get y 22 and y 12 , refer to the circuit in Fig.(b). 

Ii 1 h 



- s - s s + 2 - V, 

I =-1 =-.-V =—- 

1 s + 2 2 s + 2 2s 2 2 

y 12 =^ = -0.5 


Thus, 


s + 0.5 - 0.5 

Cy] = L -0.5 0.5 +l/s J^ 






h - ’x 


3i x 



V2 

6 



h = 3i x 



Thus, 


yn 


ÍL 

V 2 


= 0 


[y] = 


0.75 0 

- 0.5 0.1667 


S 


= - = 0.1667 
6 



Chapter 19, Solution 21. 


To get y n and y 21 , refer to Fig. (a). 

0.2 Vi 



At node 1, 

I 1 =^- + 0.2V 1 =0.4V 1 -> y u =^- = 0.4 


I 2 =-0.2V, 



= - 0.2 


To get y 22 and y 12 , refer to the circuit in Fig. (b). 

0.2 Vi 



Since V, = 0, the dependent current source can be replaced with an open circuit. 

I 2 1 

V 2 =10I 2 -> y, 2 = -f- = — = 0.1 

2 2 J22 y 2 io 

y,2 = ^ = o 

y 2 

Thus, 

"0.4 0 

[y] = 

m - 0.2 0.1 


S 





Consequently, the y parameter equivalent Circuit is shown in Fig. (c). 


Ii I 2 



(c) 


Chapter 19, Solution 22. 

To obtain y n and y 2 i, consider the circuit below. 



To obtain y 12 and y 22 , consider the circuit below. 




Hence, 



Chapter 19, Solution 23. 


(a) 

l/(-y 12 ) = 1//— = —— -> y 12 =-(s + l) 

s s + 1 

yn+yi 2 =1 -> y n =l-y 12 =l + (s + l) = s + 2 

1 s+s+1 

y 22 +y 12 =s -> y 22 =s-y 12 =- + (s + l) =- 

s s 


[y] = 


s + 2 

-(s + 1) 


-(s + 1) 
s 2 +s + 1 
s 


(b) Consider the network below. 


Ii h 



V s =Ii+V 1 

(1) 

v 2 = - 2 I 2 

(2) 

ii = ynYi + yi2 v 2 

(3) 

h = Y21 V 1 + Y22 V 2 

(4) 


From (1) and (3) 





v s -V i -yn v i + yi 2 v 2 


* v s -(i + yn) v i + yi2 v 2 


(5) 


From (2) and (4), 


_ 0.5V 2 - y^Vj + y 22 V 2 -» Vj --(0.5 + y 22 )V 2 (6) 

yn 


Substituting (6) into (5), 


= _ (l + y„XftS + y ,,) 

y» 

— V 2=f -—"i-, 

S 1 

y i2 -(1 + y u )(0.5 + y 22 ) 

y 2i 


V 2 = 


2/s 


2/s 


- (s +1) + —(l + s + 2)[ 0.5 + 




s" + s + 1 
s 


2(s + l) 


— s —s — s~ — s + (s + 3)(0.5s + s” + s +1) 
s(s + 1) 

2(s +1) 0.8(s +1) 


■s -2s -s + s +1.5s‘+s + 3s“+4.5s + 3 2.5s'+4.5s + 3 sl.8s + 1.2 



Chapter 19, Solution 24. 

Since this is a reciprocai network, a n network is appropriate, as shown below. 


Y 2 



y 2 =-y 12 = ^ S ’ z 2 = 4 q 


3 1 1 

=8-i=8 S 


Y 3 y 22 y 2 i 


Z 3 =8Q 



Chapter 19, Solution 25. 


This is a reciprocai network and is shown below. 


0.5 S 




Chapter 19, Solution 26. 


To get y n 


At node 1, 


But 


Also, 


To get y 22 


At node 2, 


and y 21 , consider the circuit in Fig. (a). 


4 Q 



(a) 


V -V V V 

—*-- + 2 V x = ^ + ^- 

2 1 4 


■> 2v 1= -y x 


(i) 


V,-V x V.+2V, 

1 =—-- = —- L = l i 5V 

2 2 3Vl 


* y " = % =L5 


V x 

y 2 i =7T = -3-5 


-> I 2 =1.75V X =-3.5V 1 


and y 12 , consider the circuit in Fig.(b). 

4 Q 



V 2 


Io = 2V +- 


Vo-V v 


4 


( 2 ) 





At node 1, 


V 2 -V x V x V x 3 
2V X -- = —+ —= -V x 

x 4 2 1 2 x 


■> v 2 =-v x 


(3) 


Substituting (3) into (2) gives 

1 


I 2 =2V x --V x =1.5V x =-1.5V 2 


y 22 =^r = - 1 - 5 


-v x 

I = —- 
1 2 


-> yi2=^r = o-5 


Thus, 


[y] = 


1.5 

-3.5 


0.5 


-1.5 


S 



Chapter 19, Solution 27. 

Consider the circuit in Fig. (a). 



I 2 = 201, + = 0.5 V 2 +0.1V 2 = 0.6V 2 -> y 22 =Í- = 0.6 


Thus, 

0.25 0.025" 

[y]_ L 5 0.6 J S 

Altematively, from the given circuit, 
V 1 =4I 1 -0.1V 2 



Comparing these with the equations for the h parameters show that 
h n = 4 , h 12 = -0.1, h 21 = 20, 


h 22 =0.1 


Using Table 18.1, 


yn = 

y 2í = 



— = 0.25 S , 
4 



Yu = 

y 22 = 



— = 0.025 S 
4 


0.4 + 2 
4 


= 0.6 S 


as above. 



Chapter 19, Solution 28. 

We obtain y n and y 21 by considering the Circuit in Fig.(a). 


2 Q 8 Q I 2 



Z in = 2 + (12||8) = 6.8 Q 

V,, = 1 ' = ' = 147.06 mS 
11 V 7 

’1 ^in 

I 2 = (—6/10)11 = (-0.6)(Vi/6.8) = -0.08824 

y 21 = — =-88.24 mS 

% 

To get y 22 and y 12 , consider the Circuit in Fig. (b). 


h 2Í2 8 Q I o 



(l/y 22 ) = [4||(8+(12||2))] = [4||(8+(1.714286))] = 2.833333 = V 2 /I 2 
y 22 = 352.9 mS 

h = (-12/14)I„ =-0.857143I 0 and I 0 = [4/(4+(8+1.714286))]I 2 
= 0.29166667I 2 = V 2 /9.714286 

Thus, h = [(-0.857143)/9.714286]V 2 = -0.088235V 2 or 


yi2 = h/y 2 = -88.24 mS 


Thus, 


[y] = 


147.06 

-88.24 


-88.24 

352.9 


mS 


We note that I = YV, Ij = 1 A, and -I 2 = V 2 / 2 . We now have the following equations, 

1 = 0.14706V! - 0.08824V 2 and I 2 = -0.08824Y! + 0.3529Y 2 or 
-V 2/2 = -0.08824Vi + 0.3529V 2 or 0.08824Vi = 0.8529V 2 which leads 
to 

Vi = 9.6657V 2 . 

Substituting this into the First equation we get, 

1 = (1.42144-0.08824)V 2 or V 2 = 0.75 V. 


Finally we get, 


P 2q = (0.75) 2 /2 = 281.2 mW. 


Now to check our answer. 

The equivalent circuit is shown in Fig. (c). After transforming the current source to a 
voltage source, we have the circuit in Fig. (d). 


88.24mS 



17 O 11.333 Q 





(2 || 3.778)(17) _ (1.3077)(17) 

(2 || 3.778)+ 17 + 11.333 ~ 1.3077 + 28.333 


0.75 V 



(0.75 ) 2 
2 


= 281.2 mW 



Chapter 19, Solution 29. 


(a) Transforming the A subnetwork to Y gives the circuit in Fig. (a). 



Thus, the equivalent circuit is as shown in Fig. (b). 



Ij =10 = -Vj--V 2 -> 50 = 3V 1 -2Y 2 (1) 

I 2 =-4 = yV 1+ |v 2 -> -20 = -2V 1 +3V 2 

10 = V, -1.5 V 2 - > V, = 10 +1.5 V 2 


Substituting (2) into (1), 

50 = 30 + 4.5 V 2 - 2 V 2 - > V 2 = 8 V 


( 2 ) 



V, = 10 +1.5 V 2 = 22 V 

(b) For direct circuit analysis, consider the circuit in Fig. (a). 
For the main non-reference node, 

y 

10-4 = —^ - > V = 12 

2 

V -V 

10= 1 1 0 -> Vj = 10 + V 0 = 22 V 

V -V 

" 4 = ^ “ -> V 2 =V 0 -4 = 8V 



Chapter 19, Solution 30. 


(a) Convert to z parameters; then, convert to h parameters using Table 18.1. 
z n = z i2 = z 2i = 60 Q, z 22 = 100 0 

A z = z u z 22 - z 12 z 21 = 6000-3600 = 2400 


A 2400 

h = —- =-= 24 

11 z„ 100 


21 


21 


= - 0 . 6 , 


J 22 


h 12 = = —— = 0.6 

- z 22 100 

1 

= — = 0.01 
7 

^22 


60 


Thus, 


[h] = 


24 n 0.6 
- 0.6 0.01 S 


(b) Similarly, 

z n = 30Q 


Z 12 — Z 21 — Z 22 — 20 Q 


A, =600-400 = 200 


200 

h "T 10 


h 2 ,= l 


20 

h ' 2 “ 20 “ 1 
1 

= — = 0.05 
22 20 


[h] = 


io n 

-i 


i 

0.05 s 


Thus, 



Chapter 19, Solution 31. 


We get h n and h 21 by considering the circuit in Fig. (a). 



(a) 


At node 1, 

v 3 v 3 - v 4 

I.=T + ^-^ —> 2 i, = 2 v 3 -v 4 


At node 2, 


V -V 
3 4 +41, 

ry I 


V± 

1 


8i, = -v 3 +3v 4 —> 


161, =-2V 3 +6V 4 


Adding (1) and (2), 

181, = 5 V 4 - > V 4 = 3.61, 

V 3 =3V 4 -81, =2.81, 

V, = V 3 +1, = 3.81, 

V, 

h,, =- 1 = 3.8Q 

* i 

-V 4 I 2 

I 2 =^ ± = -3.6I, -> h 2 , = Y~ = ‘3-6 


( 1 ) 


( 2 ) 


To get h , 2 and h p , refer to the circuit in Fig. (b). The dependent current source can be 
replaced by an open circuit since 41, = 0. 


Ij 1Q 2 Q 1Q I 2 





2 


Thus, 


% = 


-V, 

2 + 2 + 1 2 



12 


V, 

V 2 


= 0.4 


I 2 


v 2 _v 2 

2 + 2 + 1 5 



1 

— = 0.2 s 


[h] = 


38 Q 0.4 
- 3.6 0.2 S 




Chapter 19, Solution 32. 


Using Fig. 19.90, design a problem to help other students to better understand how to find the h 
and g parameters for a circuit in the s-domain. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the h and g parameters of the two-port network in Fig. 19.90 as functions of s. 

/Q 1H 1H 

o— wvv — 'TiHp —— nnrip —o 

I F ={= 

o--o 

Figure 19.90 

Solution 


(a) We obtain h n and h 21 by referring to the circuit in Fig. (a). 


1 s s I 2 




í 1/ 

1 + s + s II - 


v, = 

I, = 


^ sJ 

V 

h,, = 

Vj 

— = s + 1 + 

s 



I, 

s 2 +1 


By current division, 

-1/S T - 1 ! . I 2 -1 


























12 , refer to Fig. (b). 



To get g 22 and g 12 , refer to Fig. (d). 



s+-ii(s+i)ji, = |^ s+ T+T+i/sJ 12 
V 2 s + 1 

= S + ~2 7 

I 2 S + S + 1 

-l/s -I 2 I L -1 

fs + l/s^ 2 s 2 + s +1 > ^ 12 I 2 s 2 + s +1 


[g] = 


-1 


S'+S + l S +S + 1 

1 s + 1 

s + ■ 


S' +S + 1 


S +S + 1 



Chapter 19, Solution 33. 


To get 

li I 

Also, I 
To get 


h 11 and I 121 , consider the circuit below. 

4Q j6Q I 2 


/\/\_rr\ 


+ 




7\ 

k — 

= -j3Q 

+ 

í) Vi 

/ 5Q 


V 2 =0 

vL 

( 




y 1 =5//(4 + j6)I 1 = 5(4 + j6)I l h n =^- = 3.0769+ jl.2821 

9 + j6 li 

2=-— I, -> h 21 = — = -0.3846 + j0.2564 

9 + j6 li 

h 22 and hi 2 , consider the circuit below. 


4Q j6Q I 2 



Vi = 


9 + j6 


-Vo 


■> h 12 =^ = _A_ = 0.3846 - j0.2564 

V 2 9 + j6 

h - l 2 - 1 _ 9 + j3 

-> 22 V 2 -j3//(9 + j6) -j3(9 + j6) 

= 0.0769+ j0.2821 


V 2 =-j3//(9 + j6)I 2 




Thus, 


[h] 


(3.077 + jl.2821) Q 0.3846 - j0.2564 
- 0.3846 + j0.2564 (0.0769 + j0.2821) S 



Chapter 19, Solution 34. 


Refer to Fig. (a) to get h n and h 21 . 


10 Q 



But V, =101,+V X =851 

At node 2, 

0 + 10V x V x 

l ~ 50 ~ 300 

I, 

h„ = — = 14.75 

I, 



To get h 22 and h 12 , refer to Fig. (b). 



At node 2, 



To get g u and g 21 , refer to Fig. (c). 


300 Q 



or V x = Vj - 10Ij 

Substituting (3) into (2) gives 


3501, =14.5 V,-1451, - > 4951,= 14.5 V, 


( 3 ) 




At node 2, 


I, 14.5 

g " = ^=^= a02929S 

f n ) 

V 2 = (50) —-V x -10V X = -8.4286 V 
V 350 

(14 5^1 

=-8.4286V, +84.2861, =-8.4286V, +(84.286) - V, 

1 1 1 1495 J 1 



(d) 

1011100 = 9.091 


But 


_ V 2 +10V X V 2 
2 “ 50 + 300+ 9.091 

309.0911 2 = 7.1818 V 2 + 61.818 V x 


9.091 

-V, 

309.091 2 


0.02941V 2 


Substituting (5) into (4) gives 

309.0911 2 =9 V 2 
g 22 =T 1 = 34.34 0 

A o 


(4) 

(5) 



I 


V 2 34.34I 2 
0 = 309.091 = 309.091 

-100 -34.341, 

=- 1 =- 5 — 

1 110 0 (1.1)(309.091) 

gi 2 = 7 L = - ai01 

A o 


Thus, 


[g] = 


0.02929 S 
-5.96 


- 0.101 

34.34 Q 



Chapter 19, Solution 35. 


To get h n and h 21 consider the circuit in Fig. (a). 


1Q j . 2 4 Q i 2 



To get h 22 and h 12 , refer to Fig. (b). 


I 1 = Ql^ 1;2 4Q I 2 



Since I, = 0, I 2 = 0. 
Hence, h 22 =0. 





At the terminais of the transformer, we have V t and V 2 which are related as 


V2 

V, 


N, 

N, 


= n = 2 


‘12 



1 

2 


= 0.5 


Thus, 


[h] = 


2 Q 0.5 
-0.5 0 



Chapter 19, Solution 36. 


We replace the two-port by its equivalent circuit as shown below. 


4 O Ij 16 0 



100 O V 2 ^ 25 O 


1001125 = 20 0 

V 2 = (20X21,) = 401, 

-10+201! +3V 2 =0 

10 = 201, +(3)(40I,) = 140I I 


!| = 14’ 


40 

V > = M 


V, = 161, + 3 V 2 = ■ 


i,- l 2I|)= i 

1125 J 70 


Zi = i2_ 

V, 136 


= 0.2941 


I, 

r - 1 - 6 


Y = ^ = 7.353 x 10 > S 


I, 1 


= 400 




Chapter 19, Solution 37. 


(a) We first obtain the h parameters. To get h n and h 21 refer to Fig. (a). 

6 Q 3 Q I 2 



To get h 22 and h 12 , refer to the circuit in Fig. (b). 


I 1= 0 6Q 3Q i 2 






2 

81, +-V 2 =10 
1 3 2 



Substituting (2) into (1), 



2 


= 10 


V 2 


300 

252 


= 1.19 V 


( 1 ) 


( 2 ) 







3 Q 3 Q 





Chapter 19, Solution 38. 


From eq. (19.75), 

h h, R, 
Z =h. — ilJlJl. 

in ie -x 1 r% 

1 +KR l 

From eq. (19.79), 

R. + K 


/ijl 


h l2 h 2] R L 

1 + h 21 R L 


= 600- 


0.04a30a400 


1 + 2x10" 3 x400 


= 333.33 O 


R s +h n 


2,000 + 600 


(R s + h ie )h 0e - h re h fe (R + /?,, )h 22 - h 2 J\ 2 2600a2a1 0 3 - 30+0.04 


650 Q 



Chapter 19, Solution 39. 


We obtain gn and g 2 i using the circuit below. 



By voltage division, 

T7 ^2 1/ ^2 ^2 

í? 1+j r 2 v; r í+ r 2 

We obtain g J2 and g 2 2 using the circuit below. 



By current division, 

R-, 


A=- 





^2 

Ri +R 2 


Also, 


V 2 =I 2 (R i +R l //R 2 ) = I 2 


/?3 + 


V 


RA 

^ 1+^22 


$ 22 . ^3 + 

1 O 


R\R 2 

R { + /?2 


1 R 2 

811 ~~ R t +R 2 ,gn ~ Rj +R 2 

R 2 R.R, 

g 2 i = --—,g 22 =R, + —— 

Rj + R, R t + R 2 



Chapter 19, Solution 40. 


Using Fig. 19.97, design a problem to help other students to better understand how to find g 
parameters in an ac circuit. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Find the g parameters for the circuit in Fig. 19.97. 


-j6Q 


jion 



Figure 19.97 


Solution 


To get g u and g 21 , consider the circuit in Fig. (a). 


Ii -j6Q jlOQ i 2 = o 



>-|£——w— 


(a) 


Vi = (12 — j6) I 


> gn= ^- = 7^-7 = 0.0667 + j0.0333S 


V, 12-j6 


_ 12I t 
V, (12 — j6) I 


-—: = 0.8 + j0.4 
2-J 


2 


To get g l2 and g 22 , consider the circuit in Fig. (b). 

h -j6Q jlOQ i 2 



*—|(—I— 


(b) 
























-12 


-12 


Ii = 


12 - j6 


> §12 ~ T ~ 


I 2 12 - j6 


= -g 2 i =-0.8-j0.4 


V 2 = (jl0 + 12II -j6)I : 


§22 J 10 + 


(12)(-j6) 
12 - j6 


= 2.4 + j5.2 Q 


[§] = 


0.0667+ j0.0333S 
0.8 +j0.4 


- 0.8 - j0.4 
2.4 +j5.2 Q 



Chapter 19, Solution 41. 


For the g parameters 

= §ii % + g 12 1 2 

V 2 = §21 % + §22 ^2 


But 


or 


V^V.-I.Z. and 

^2 = "^2 Z L = §21 % + §22 ^2 
0 — g 21 Vj + (g22 + Z L ) I 2 
" (§22 + Z L ) T 


( 1 ) 

( 2 ) 


Substituting this into (1), 

j _ (§22§ll + Z L g 11 —g 21 g 12 ) 

“ - e 2 

&21 

^2 " §21 

or — =- 

li §n Z L + A g 

Also, V 2 — g 21 (V s — Ij Z s ) + g 22 1 2 

= §2i V s — g 21 Z s Ij + g 22 1 2 
= §2i^ s +Z s (g n Z L + A g )I 2 + § 22 I 2 


But 


I 


-V, 


V 2 =§2iV s -[g n Z s Z L+ A g Z s+ g 22 ] 
V 2 [Z L+ g 11 Z s Z L+ A g Z s +g 22 ] 


lZ l 


= §2, V s 


Yt_ = _ §21 Z L _ 

v s Z L +g n Z s Z L + A g Z s +g 22 

^2 _ §21 Z L _ 

V s Z L +g n Z s Z L + §n §22 Z s — §21 §12 Z s + §22 


^2 _ §21 Z L _ 

v s (1 + gn Z s )(g 22 + Z L ) —g 12 g 21 Z s 



Chapter 19, Solution 42. 


With the help of Fig. 19.20, we obtain the circuit model below. 



Chapter 19, Solution 43. 


(a) To find A and C, consider the network in Fig. (a). 

Ii Z h 



Ti zl 

[T] = 

Lo iJ 


Hence, 







(b) To find A and C, consider the circuit in Fig. (c). 








Chapter 19, Solution 44. 

Using Fig. 19.99, design a problem to help other students to better understand how to find the 
transmission parameters of an ac circuit. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

Determine the transmission parameters of the circuit in Fig. 19.99. 
jl5Q 


- nnnp - 

-jlO Q -j20 n 



Figure 19.99 

Solution 


To determine A and C, consider the circuit in Fig.(a). 


Io jl5 o. 



Vj = [ 20 + (-jlO) II (jl5 — j20)]I, 
(-jl0)(-j5) 


% = 
o'=Ii 


20 + 


-jl5 



10 

I, = 

20- j — 

L 3 J 


li 


I 
























I 


-J2- .,= 1 i, 
jio-jsj { 3 ) 


40 ( 40^| 

V 2 =(-j20)I o +20I o ' = -j I 1+ 20I, = 20-j— I 

J V J 7 


A _ V, (20-jl0/3)1, 

V ( 40^1 

2 20-j^ I, 

v j J 


= 0.7692+j0.3461 


C = ^ =- 1 —= 0.03461 +j0.023 

Vz 20-j — 

3 


To find B and D, consider the circuit in Fig. (b). 

jl5Q 


-jlOQ 


-j20Q 



We may transform the A subnetwork to a T as shown in Fig. (c). 


Z,= , - ÍI5,, -- ÍIQ) = j!0 
jl5 — jlO — j20 

(-j!0)(-j20) .40 

2 -j 15 J 3 



Z 3 = 


(jl5)(-j20) _ 
-jl5 


I, jlOO j20O I 2 



20 — j40/3 3 — j2 

20-j40/3 + j20 Il '^7j" 1 


-I, 3 + j 

D = — 1 = —= 0.5385 + j0.6923 
*2 _ 


V,= 


jl0 + 


(j20)(20 - J40/3) 
20- j40/3 + j20 


V I =[jl0 + 2(9 + j7)]I I =jI I (24-jl8) 


-Vi _ - jI|(24 - jl8) 
I 2 ~(3-j2) 

3 + j 1 
B =-6.923+ j25.385Q 


^(-15 + j55) 


[T] = 


0.7692 + j0.3461 
(0.03461+ j0.023)S 


(-6.923 + j25.38)Q 
0.5385+ j0.6923 





Chapter 19, Solution 45. 

To determine A and C consider the circuit below. 



Yl = (4 — j2)l 1 . 


A = 


% 

V 2 


4~j2 

4 


V 2 = 4li 
= 1- j0.5 


C = — = — = 0.25 
V 2 4^ 


To determine B and D, consider the circuit below. 



The 4-Q resistor is short-circuited. Hence, 

D = -f = l 

'2 

V 1 = -j2l 1 = j2l 2 B=-^ = -JA = _2jn 

n n 


Hence, 



Chapter 19, Solution 46. 




( 1 ) 

( 2 ) 






At node 1, 



(3) 

(4) 

(5) 

( 6 ) 



Chapter 19, Solution 47. 


To get A and C, consider the circuit below. 


6Q 



V 2 = 4(-0.4V x ) + 5V X = 3.4V X -> A = — = 1.1/3.4 = 0.3235 

v 2 


i! = Vl Vx = 1.1V X - V x = 0.1V X -> C = -^- = 0.1/3.4 = 0.02941 

1 V 2 




To get B and D, consider the circuit below. 


6Q 



Vl-Vx 

1 




V. 


( 1 ) 


h - 


5V X V x 
4 6 


12 x 


( 2 ) 


Vi=Ii+V x 
From (1) and (3) 

Ii = v,-v x =ív x 

O 


( 3 ) 


D = = -(—) = 0.4706 

h 6 17 


O 


b = _Vi = 10 12 176 

h 6 17 


[T] = 


0.3235 1.176Q 

0.02941 S 0.4706 




Chapter 19, Solution 48. 


(a) Refer to the circuit below. 



Z L 


Vj = 4V 2 -30I 2 (1) 

Ij = 0.1V 2 -I 2 (2) 


When the output terminais are shorted, V 2 = 0. 

So, (1) and (2) become 

V, = -30I 2 and I, = -I 2 


Hence, 


V, 

300 

A i 


(b) When the output terminais are open-circuited, I 2 = 0. 
So, (1) and (2) become 
Vi=4V 2 

I,=0.1V 2 or V 2 =10I, 

% =401, 



(c) When the output port is terminated by a 10-0 load, V 2 = -10I 2 . 
So, (1) and (2) become 

V, = -40I 2 -30I 2 = -701, 

I. = I 2 -I 2 =-2I 2 

V, =351, 






V, 

I, 


= 35 Q 


Alternatively, we may use Z in 


az l +b 

CZ I) 



Chapter 19, Solution 49. 


To get A and C, refer to the circuit in Fig.(a). 


Ii l/s I 2 = 0 



(a) 


But 

Hence, 



l/s 1 
1 + 1/s “ s + 1 


V 2 


1II l/s 

- - —v 

l/s+ 111 l/s 1 



1 

S + 1 _ S 

1 1 2s +1 

s s + 1 


V, 


= 1, 


— 1 
vs + L 


f 1 1 z 

= 1 , 

f 1 z 

+ 


VS S + lJ 


ls + 1 J 


" 2s +1 ^ 
v s(s + l)y 



í 1 1 

" 2s +1 ^ 

V, 1 

Is + lJ 

U(s + l)J 


I, 1 2s +1 
+ 

s + 1 s (s + 1) 


2s +1 

(s + l)(3s +1) 


% 

V. 

I, 


2s + 1 

2s +1 2s +1 
s “(s + l)(3s + l) 


V 2 (s + l)(3s +1) 


s 





Chapter 19, Solution 50. 


To get a and c, consider the circuit below. 

Ii=0 2 s h 



V 2 = (s + 4/s)I 2 or 

T Vo (1 + 0.25 s 2 )Vi l 2 s + 0.25s 3 

s + 4/s s + 4/s V] s"+4 

To get b and d, consider the circuit below. 


Ii 2 s I 2 







0.25s 2 +1 0.5s 2 + s + 2 
0.25s 2 + s 


s 2 +4 


0.5s +1 




Chapter 19, Solution 51. 


To get a and c , consider the circuit in Fig. (a). 


jQ 

I 1= 0 IO -j3 0 I 2 



V 2 =I 2 (j-j3) = -j2I 2 

v,=-ji 2 


_ 2 _ _ 

V, ' -ji 



To get b and d, consider the circuit in Fig. (b). 


jQ 

li 1Q -j3Q I 2 



For mesh 1, 


0 = (1 + j2)Ij - jl 2 

I 2 l + j2 „ . 


d = 


I h 

I, 


- -2 + j 


or 





For mesh 2, 


V 2 =I 2 (j-j3)-jI I 

V 2 = Ii (2 — j)(-j2) — jI, = (-2- j5)Ij 


b = 



= 2 + j5 


[t] = 


2 
. j 


2 + j5 
-2 + j 


Thus, 



Chapter 19, Solution 52. 

It is easy to find the z parameters and then transform these to h parameters and T 
parameters. 


Rj + R 2 r 2 

R 2 R2 + R3 


A z = (R, + R 2 )(R 2 + R 3 ) - R 2 

= RjR, + R 2 R 3 + R 3 Rj 


(a) [h] = 



z l 2 


r { r 2 + r 2 R 3 + R 3 R j 

r 2 

z 22 

z 22 


R 2 + R 3 

r 2 +R3 

■ Z 2 1 

1 


-r 2 

1 

- z 22 

z 22 - 


r 2 + r 3 

R 2 + R 3 - 


Thus, 


hn - R x + 


R 2 R 3 

R 2 + R 3 


as required. 


h R 2 

12 R,+R 


■ h21 ’ h22_ R,+R, 


(b) [T] = 


hL 

V 


R i +R 2 

RjR 2 + R 2 R 3 + R 3R j 

Z 2i 

Z 21 


r 2 

r 2 

1 

Z 22 


1 

r 2 +R 3 

- Z 21 

Z 21 - 


_ r 7 

r 2 J 


Hence, 


A = l + 


R, 


R ! 


B = R i+ ^(R 2 +R 3 ), c = —, D = 1 + 


h 

R, 


as required. 



Chapter 19, Solution 53 


For the z parameters, 

^1 = Z 11 ^1 + Z 12 ^2 
V 2 = z 12 1, + z 22 1 2 

For ABCD parameters, 

% = AV 2 -BI 2 
i, = c V 2 - DI 2 


From (4), 


I, D 

V = — + —I 

2 c c 2 


Comparing (2) and (5), 

1 

" 21 = C ’ 


J 22 


D 

C 


Substituting (5) into (3), 

A 

V ' = C Il + 


AD 


B 


A T AD - BC , 

= — I, +---1 


Comparing (6) and (1), 

A 


z ' 1 = c 


AD-BC A 


Z 12 _ 


T 

c 


Thus, 


[Z] = 


A 

C 

1 

C 


A x 

"c 

D 

C 


( 1 ) 

( 2 ) 


(3) 

(4) 


(5) 


( 6 ) 



Chapter 19, Solution 54. 


For the y parameters 

1 1 = y 11 % "*■ y i2 ^2 
i 2 = y 2i % + y 22 


From (2), 


or 


I? y ? 2 

v, v 2 

y 21 y 21 

- y„ i 

v, = —v,+—i 2 

yn y 21 


Substituting (3) into (1) gives 


I, 


^lV 2 + y l 2 V :+ ^-I 2 

y 2 i y 2 i 


or 


I, = 


-A 


y 21 


L v 2+ ^I 2 


y 21 


Comparing (3) and (4) with the following equations 

% = av 2 -bi 2 

I, = CV 2 - DI 2 
clearly shows that 

A = -^, B = ——, C = -^, D = 

y 2i y 2i y 2i y 21 


(1) 

( 2 ) 


(3) 


(4) 


as required. 



Chapter 19, Solution 55 


For the z parameters 


^1 Z 11 ^1 + Z 12 ^2 

^2 = Z 21 ^1 Z 22 ^2 


From (1), 



( 1 ) 

( 2 ) 

(3) 


Substituting (3) into (2) gives 


Z 22 


or 


z„ 

y 2 = -^Vi + 

^ii 


z,, A, 

v 2 = -t l v 1 + -m 2 


J 21 12 


Z 11 2 


(4) 


Comparing (3) and (4) with the following equations 

= §ii V, + g 12 1 2 
^2 = §21 % + 822 ^2 

indicates that 

O 1 _ ~ Z 12 Z 21 

8 I 1 — 5 812 — ,, > 821 — > 822 — ,, 

Z 11 Z 11 Z 11 Z 11 


as required. 



Chapter 19, Solution 56. 


Using Fig. 19.20, we obtain the equivalent circuit as shown below. 



We can solve this using MATLAB. First, we generate 4 equations from the given circuit. 
It may help to let V s = 10 V. 

-10 + RJi + Vi = 0 or Vi + lOOOIi = 10 

-10 + RJi + hnB + hi 2 V 0 = 0 or 0.0001V S + 1500 = 10 

I 2 = -Vo/Rl or Vo + 2000I 2 = 0 

h 2 ili + h 22 V 0 - I 2 = 0 or 2x10 -6 Vo + ÍOOR -1 2 = 0 

>>A=[1,0,1000,0;0,0.0001,1500,0;0,l,0,2000;0,(2*10 A -6),100,-1] 

A = 

1.0e+003 * 

0.0010 0 1.0000 0 
0 0.0000 1.5000 0 

0 0.0010 0 2.0000 
0 0.0000 0.1000 - 0.0010 
» U=[10;10;0;0] 

U = 

10 

10 

0 

0 

» X=inv(A)*U 
X = 

1.0e+003 * 

0.0032 

-1.3459 

0.0000 

0.0007 

Gain = V„/V S = -1,345.9/10 = -134.59. 


There is a second approach we can take to check this problem. First, the resistive value 
of h 22 is quite large, 500 kíl versus R L so can be ignored. Working on the right side of 
the circuit we obtain the following, 



h = 1001 1 which leads to V 0 = -hx2k = -2x10 5 Ii. 
Now the left hand loop equation becomes, 

-V s + (1000 + 500 + 10^(-2 x10 5 ))Ii = 14801!. 

Solving for V 0 /V s we get, 

Vo/Vs = -200,000/1480 = -134.14. 

Our answer checks! 



Chapter 19, Solution 57. 


A t = (3)(7) - (20)(1) = 1 

3 1 



D 

- A t 


7 

-1 

[y] = 

B 

-1 

B 

A 

= 

20 

-1 

20 

3 


B 

B _ 


-20 

20 - 


[z] = 


A A, 


C 

j_ 

Lr 


c 

D 


B A t ] 

D 17 


' 20 
T n 

1 

7 

-1 

C 


-1 

1 

D 

D _ 


-7 7 J 


[g] = 


[t] = 


C 

- A t 


ri 

-1 


A 

1 

A 

B 

= 

3 S 

1 

1 

ro 0 I 

1 ® | W 

-Ã 

Ã 


- 3 

D 

B 





A x 

A t 


7 

20 Q 


c 

A 


is 

3 


_ A x 

A x _ 








Chapter 19, Solution 58. 

Design a problem to help other students to better understand how to develop the y parameters 
and transmission parameters, given equations in terms of the hybrid parameters. 

Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 

Problem 

A two-port is described by 

Vi=Ii + 2V 2 , I 2 = -2Ii +0.4V 2 
Find: (a) the y parameters, (b) the transmission parameters. 

Solution 


The given set of equations is for the h parameters. 


(a) 


[h] = 


[y] = 


1Q 

2 

.-2 

0.4 S_ 

1 

" 1*12 


l*n 

^21 

A h 

h n 

l*n - 

'-A h 

" l*ii 

^21 

1*21 

" 1*22 

-1 

- 1*21 

1*21 


A h = (1)(0.4) - (2)(-2) = 4.4 


1 -2 
-2 4.4 


S 


2.2 0.5 Q 

0.2 S 0.5 


(b) [T]= 



Chapter 19, Solution 59. 


A g = (0.06)(2) - (-0.4X0.2) = 0.12 + 0.08 = 0.2 


(a) 


(b) 


(c) 


(d) 


[z] = 


[y] = 


[h] = 


[T] = 


1 

" §12 

§11 

§11 

§2 L 


§11 

§11 - 


§12 

§22 

§22 

- §21 

1 

§22 

§22 - 

§22 

- §12 

A. 

A 

g 

g 

- §21 

§n 

A, 

A 

g 

g - 

1 

§22 

§21 

§21 

8ii_ 


- §21 

§21 - 


16.667 6.667 
3.333 3.333 


0.1 

- 0.1 


- 0.2 

0.5 


S 


10Q 2 

-1 0.3 S 


5 10 Q 

0.3 S 1 



Chapter 19, Solution 60. 

Comparing this with Fig. 19.5, 

z n - z 12 = 4+ j3- 2 = 2+ j3kQ 

Z22-zi2 = 5- j- 2 = 3- jkí2 

3vi n 3 

X, = 3xl0 3 = coL -> L= = 3mH 

L 10 6 

X c = lxlO 3 = l/(coC) or C = l/(10 3 xl0 6 ) = 1 nF 

Hence, the resulting T network is shown below. 

2 kQ 3 mH 3 kQ 1 nF 



2kQ 



Chapter 19, Solution 61. 


(a) To obtain z n and z 21 , consider the circuit in Fig. (a). 


Io in 



Vi = i, [1 + 1 ii (í + i)] = ii 
% 5 


2^| 

1+ 3> 


= 3 


Z " = I, 


1 + 2 1 3 


li 


-V 2 +I 0 +Ij =0 

1 4 

V, = 1, +1, = 1, 
3 3 


z 


21 



4 

3 


To obtain z 22 and z 12 , consider the circuit in Fig. (b). 


1Q 




Due to symmetry. this is similar to the circuit in Fig. (a). 


z 22 z n 



-21 


= Z 


12 


4 

3 


[z] = 


5 

3 

4 
3 


4 

3 

5 

3 J 


Q 


(b) 


(c) 


[h] = 


[T] = 




3 

4 


Q 


5 

4 - 



Chapter 19, Solution 62. 

Consider the circuit shown below. 



Since no current enters the input terminais of the op amp, 
V, =(10 + 30)xl0 3 I 1 


But 


30 3 

V = V = —V = —V 

a b 40 1 4 1 


I 


b 20 x 10 3 80 x 10 3 1 

which is the same current that flows through the 50-kD resistor. 


Thus, 


V, = 40x 10 3 1, + (50 + 20) x 10 3 1, 


V, =40xl0 3 I, +70xl0 3 


80xl0 : 


■V, 


V 2 =yV 1+ 40xl0 3 I 2 
V 2 = 105 x 10 3 1, +40 x10 3 I 2 


( 1 ) 


( 2 ) 


[z] = 


40 0 

105 40 


kQ 


A z “ Z n Z 22 Z 12 ^21 —16x10 


From (1) and (2), 


[T] = 





hL 

A/ 




A 

B 


Z 21 

Z 21 


0.381 

15.24 kQ" 

_C 

D 


1 

Z 22 


. 9.52 |o.S 

0.381 




- Z 21 

Z 21 - 






Chapter 19, Solution 63. 


To get Zn and Z 21 , consider the circuit below. 



Vi=(4//Z R )I, = íl, -» z ll = ~ = 0.8 

b li 


V 2 = V 2 '=nV 1 '=nV 1 =3(4/5)l! -> z 21 = = 2.4 

h 


To get Z 21 and Z 22 , consider the circuit below. 


Ii=P 1:3 ,,_I 2 



Z R '= n 2 (4) = 36, n = 3 

V 2 = (9 // Z R ’ )I 2 = —^-I 2 -» z 22 = -r- = 7 -2 

40 i 2 






n 


V2 

3 


2.4I 2 


Z 21 


Vi 


Thus, 


[z] = 


0.8 2.4 
2.4 7.2 


= 2.4 



Chapter 19, Solution 64. 


1 |xF 


1 


J 


jcoC (10^(10 6 ) 


= -jkO 


Consider the op amp circuit below. 


40 kQ 



At node 1, 

v.-v. _v. , v x-o 

20 - j 10 

V 1 =(3 + j20)V x 


At node 2, 

Vx-o _o-V2 

10 40 



But 


I, 


v.-v, 

20 x 10 3 


Substituting (2) into (3) gives 


I. 


V, +0.25V, 
20x10 3 


= 50x 10' 6 % +12.5x10 6 V 2 


Substituting (2) into (1) yields 

V 1 =^(3 + j20)V 2 
or 0 = V, +(0.75 + j5)V 2 

Comparing (4) and (5) with the following equations 

1 1 = y 11 % + y i2 ^2 

^2 = y21 % + y22 ^2 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 



indicates that I 2 = 0 and that 


[y] = 


50x10 6 
1 


12.5 x 10 6 
0.75+ j5 


A y = (77.5 + j25. -12.5) x IO' 6 = (65 + j250) x IO' 6 


1 

-yi2 ] 



yn 

yn 


’2xl0 4 n -0.25 

y 2 i 



2xl0 4 1.3 + j5 S _ 

yn 

yn J 
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The network consists of two two-ports in series. It is better to work with z parameters 
and then convert to y parameters. It is obvious that the upper 1 O resistor is shorted out 
by the top Circuit so we are essentially left with 2 O connected to 3 O. This then 
produces the Z parameters 

50 30 
30 30 



A z =15-9 = 6 



Z 22 

A 

- Z 12 

A 


' 0.5 -0.5' 

[y] = 

z 

" Z 21 

_ A z 

z 

z n 

A z . 


-0.5 - 

L 6 J 
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Since we have two two-ports in series, it is better to convert the given y parameters to z 
parameters. 

A y = y n y 22 - y 12 y 21 = (2 x io- 3 )(io x io 3 ) - o = 20 x 10 6 

"500Q 0 

0 100 Q_ 

r 500 0 1 r 100 100 1 r 600 100 " 

0 100 J + L 100 100 J = L 100 200_ 


y 22 

-yn 

A 

A 

y 

y 

-y 2 i 

yn 

Ay 

Ay _ 


i.e. V, =z 11 I 1 +z 12 I 2 


or % =6001,+100I 2 

V 2 =1001, +2001, 

But, at the input port, 

' V S =V,+60I, 

and at the output port, 

V 2 = V„ = -300I 2 

From (2) and (4), 

1001, +200I 2 =-300I 2 
I,= 5I 2 

Substituting (1) and (5) into (3), 

V s =6001, +100I 2 +601, 
= (660)(-5)I 2 +100I 2 
= -32001 2 



-300I 2 
-32001 2 


0.09375 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 
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We first the y parameters, To find yn and y 2 i consider the circuit below. 



V 1 =l 1 (30 + 10//40)=38l 1 

By current division, 

l 2 = — t = -0.21 


V, 38 


y -k-=™L 

Yn V, 381, 


To find y 22 and y n consider the circuit below. 


-1 

Í9Õ 



V 2 =(40 + 10// 30)l 2 =47.5I 2 

By current division, 


li 




y 22 = —= —y 22 = 2/95 

>22 V 2 93 y 




47.5I 2 


1 

190 


[y]= 


V 38 -V 190 
-V 190 2/ 95 


For three copies cascaded in parallel, we can use MATLAB. 


» Y=[l/38,-l/190;-1/190,2/95] 



Y = 

0.0263 -0.0053 
-0.0053 0.0211 
» Y3=3*Y 
Y3 = 

0.0789 -0.0158 
-0.0158 0.0632 

» DY=0.0789*0.0632-0.0158*0.158 
DY = 

0.0025 

» T=[0.0632/0.0158,1/0.0158;DY/0.0158,0.0789/0.0158] 
T = 

4.0000 63.2911 
0.1576 4.9937 

[ 4 63.29 Ql 

T = 

0.1576S 4.994 
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For the upper network N a , [y a ] 


4 -2 
-2 4 


and for the lower network N b , [y b ] 


2 -1 

1 2 


For the overall network, 

[y] = [y,] + [y b ] = 


6 

-3 


-3 

6 


A y =36-9 = 27 


[h] 


1 

-yn 

1- 

yn 

yn 


y 2 i 



- yn 

yn - 

L 


1 _ 1 

- Q - 

6 2 

1 »s 

2 2 
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We first determine the y parameters for the upper network N a . 
To get y n and y 21 , consider the circuit in Fig. (a). 



Zr 


l/s 4 



r 4 ^ 


f 2s + 4/ 

V 1 =(2 + Z r )I 1 =| 

! 2 + 

|l,=| 


^ sJ 


\ s ) 


li _ s 
V, 2(s + 2) 


= - 21 , = 


y 2 i = 


h 

v, 


-s 

s + 2 


-sV. 

s + 2 


To get y 22 and y 12 , consider the circuit in Fig. (b). 



'o 


Z R = ( n )(2) = J(2) = — 


1 


fl 


fl 1/ 


fs + 2) 

-+ Z R 

i 2 = 

+ 

r = 


U R ) 

z 

U 2 ; 

z 

1 2s J 


y 22 = 


I 2 _ 2s 
y 2 _ s + 2 


!, = -nl 2 = 


'•l v 


2s 


V 2 As + 2) 


V 2 = 


vs + 2 ) 





V 2 = (s II 2)I 2 


2s I 2 

^I 2 > y22 = ^Ç 


s + 2 
2s 





y i2 = 



-i 

~2 


[y b ] 


1/2 -1/2 
-1/2 (s + 2)/2s 


s + 1 


[y] = [y a ]+[yb] = 


s + 2 
- (3s + 2) 


L 2 (s + 2) 


- (3s + 2) 
2(s + 2) 
5s 2 + 4s + 4 
2s (s + 2) 
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We may obtain the g parameters from the given z parameters. 


[zj 


25 20 
5 10 


A =250-100 = 150 

z-a 




50 25 
25 30 


A =1500-625 = 875 

z b 


[g] = 


J 12 


J 21 


L -^11 


A, 

Zr, 



"0.04 

-0.8" 


"0.02 

-0.5 

[g a ] = 

_ 0.2 

6 

. [g b ] = 

_ 0.5 

17.5 _ 


[g] = [g a ] + [g b ] = 


0.06 S -1.3 
0.7 23.5 Q 
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This is a parallel-series connection of two two-ports. We need to add their g parameters 
together and obtain z parameters from there. 

For the transformer, 



Vo 


II = - 2I 2 


Comparing this with 

v 1 =av 2 -bi 2 , I, = cv 2 - di 2 

shows that 


[T W ] = 


0.5 0 
0 2 


To get A and C for T b2 , consider the circuit below. 


Ii 4Q I 2 =0 



V, =91,, V 2 = 51] 

A = — = 9/5 = 1.8, C = —= 1/5 = 0.2 

V 2 V 2 




We obtain B and D by looking at the circuit below. 


Ii 4Q I 2 =0 



I 2 =--Ii -> D = = 1/5 = 1.4 

“ 7 I 2 

7 38 

Vi = 4Ij - 2I 2 = 4(--I 2 ) - 2I 2 = 1 2 - 


[T b2 ] = 


1.8 7.6 
0.2 1.4 


B = 


Vi 

h 


= 7.6 


[T] = [T bl ][T b2 ] = 


0.9 3.8 
0.4 2.8 


A-p — 1 


[g b ] = 


"C/A 

— A, p / A 


"0.4444 

-1.1111" 

!/A 

B/A 


1.1111 

4.2222 


FromProb. 19.52, 

[1.8 18.8 


C/A 

— Ar p / A 


"0.05555 

-0.5555" 

!/A 

B/A 


0.5555 

10.4444 


[g] = [g a ] + [g b ] 


0.4999 -1.6667 
1.6667 14.667 


Thus, 
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( 11 ) 




Because the two networks N a and N b are independent, 
I 2 =-5I,+1.5V 2 

or V 2 =3.3331,+0.66671 2 


Substituting (11) and (12) into (9), 

25 5 


V =411. +—I, +—I 
1 1 1.5 1 1.5 

V, = 57.671, + 3.3331 2 


Comparing (12) and (13) with the following equations 
% = Z 11 II + Z 12 ^2 
^2 = Z 21^1 ~^ Z 22^‘2 

indicates that 


[z] = 


57.67 3.333 

3.333 0.6667 


Altematively, 



" 25 4~ 


16 1 

[hj = 

.-4 1J 

[hj = 

_-l 0.5 _ 


( 12 ) 


(13) 


[h] = [hj + [h b ] 


41 5 

-5 1.5 


A h =61.5 + 25 = 86.5 


[z] = 




57.67 3.333 

3.333 0.6667 


as obtained previously. 
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From Problem 19.6, 
r25 201 

[ z] = , Az = 25x30 - 20x24 = 270 

24 30 

A = ^ = ^, B = ^ = ^ 
z 2 i 24 z 21 24 

C = —= —,D = ^1 = — 

Z 21 24 z 2 i 24 

The overall ABCD parameters can be found using MATLAB. 

» T=[25/24,270/24; 1/24,30/24] 

T = 

1.0417 11.2500 
0.0417 1.2500 

» T3=T*T*T 
T3 = 

2.6928 49.7070 
0.1841 3.6133 

» Z=[2.693/0.1841 ,(2.693*3.613-0.1841 *49.71)/0.1841; 1/0.1841,3.613/0.1841] 
Z = 

14.6279 3.1407 
5.4318 19.6252 


14.628 3.141 

[Z]= Q 

5.432 19.625 
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From Prob. 18.35, the transmission parameters for the circuit in Figs. (a) and (b) are 




1 O" 
[Tb] ll/Z 1_ 


z 



(a) (b) 


We partition the given circuit into six subcircuits similar to those in Figs. (a) and (b) 
shown in Fig. (c) and obtain [T] for each. 



[T 4 ] = [T 2 L [T 5 ] = [TJ, [T 6 ] = [T 3 ] 

" i o T i o " 

[T] = [T 1 ][T 2 ][T 3 ][T 4 ][T 5 ][T 6 ] = [T 1 ][T 2 ][T 3 ][T 4 ] 1 1 s 1 


= [T 1 ][T 2 ][T 3 ][T 4 ] 


1 0 
s + 1 1 


= [T 1 ][T 2 ][T 3 ] 


i sir i o 


0 1 s + 1 1 


1 0 

= [TJ[T 2 ] 

s 1 


s 2 +s + 1 s 
s + 1 1 









1 S S 2 +S + 1 s 

0 1 s 3 +s 2 +2s + 1 s 2 +1_ 


1 0 s 4 + s 3 + 3s 2 + 2s + 1 s 3 + 2s 
1 1 s 3 +s 2 +2s + l s 2 +1 

s 4 +s 3 +3s 2 +2s + l s 3 +2s 

rx i = 

Ls 4 +2s 3 +4s 2 +4s + 2 s 3 +s 2 +2s + l_ 
Note that AB - CD = 1 as expected. 
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(a) We convert [z a ] and [Zb] to T-parameters. ForN a , A_ =40-24 = 16. 


z ll /z 21 

A z / z 21 


“2 4 

l /z 21 

z 22 /z 2lJ 


0.25 1.25 


For Nb, Ay — 80 + 8 — 88 . 


[T b ] = 


~y 22^21 

Y21 


1 

1 

U\ 

1 

p 

Ul 
_1 

_- A y/y21 

-yn/y2i_ 


-44 -4 


[T]=[T a ][T b ] = 


-186 

-56.25 


-17 

-5.125 


We convert this to y-parameters. A x = AD - BC = -3. 


'D/B 

-A t /B' 


0.3015 

-0.1765" 

-1/B 

A/B 


0.0588 

10.94 


(b) The equivalent z-parameters are 


"A/C 

A x / C~ 


" 3.3067 

0.0533" 

i/C 

D/C 


-0.0178 

0.0911 


Consider the equivalent circuit below. 

Il Zn Z22 12 



v i - z i í 1 ! + z nh 


( 1 ) 





Vo - Z21 1 ! + Z 22 J 2 


( 2 ) 


But V 0 = -I 2 Z L 


I 2 =-V 0 /Z L 


(3) 


From (2) and (3) , 

V 

V 0 = z 21^1 ~ Z 227T~ 

Zl 


li = v. 




z 22 

Z L Z 21y 


(4) 


Substituting (3) and (4) into (1) gives 



+ 


V Z 21 


Z 21 Z L J 


"12 


-194.3 


— = -0.0051 
V; 
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To get z 11 and Z 21 , we open circuit the output port and let li = IA so that 
V, V ? 

z ll- — - V T Z 21 - — - V 2 

The schematic is shown below. After it is saved and run, we obtain 
z n =Vj =3.849, z 2 i=V 2 =U22 

Similarly, to get Z 22 and z )2 , we open circuit the input port and let I 2 = IA so that 

Vi Vo 

z 12-~- v T z 22 - — - v 2 

x 2 l 2 


The schematic is shown below. After it is saved and run, we obtain 


z 12 = Vi =1.122, z 22 = Vo =3.849 


Thus, 


[z] = 


3.949 1.122 
1.122 3.849 


Q 
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We follow Example 19.15 except that this is an AC circuit. 

(a) WesetV 2 = 0 andli = 1 A. The schematic is shown below. In the AC Sweep 
Box, set Total Pts = l,StartFreq = 0.1592, and End Freq = 0.1592. After simulation, 
the output file includes 


FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

3.163 E-.01 

-1.616 E+02 

FREQ 

VM($N_0001) 

VP($N_0001) 

1.592 E-01 

9.488 E-01 

-1.616 E+02 


From this we obtain 


h n = Ví/ 1 = 0.9488Z-161.6 0 
h 21 = I 2 /l = 0.3163Z-161.6 0 . 





(b) In this case, we set li = 0andV2 = IV. The schematic is shown below. In the 
AC Sweep box, we set Total Pts = l,StartFreq = 0.1592, and End Freq = 0.1592. 
After simulation, we obtain an output file which includes 


FREQ 

VM($N_0001) 

VP($N_0001) 

1.592 E-01 

3.163 E-.01 

1.842 E+01 

FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

9.488 E-01 

-1.616 E+02 


From this, 

h 12 = Vi/l = 0.3163Z18.42 0 
h 21 = I 2 /l = 0.9488Z-161.6 0 . 


Thus, 


[h] 


0.9488Z -161.6° Q 0.3163Z18.42 0 
0.3163Z-161.6° 0.9488Z-161.6° S 




Chapter 19, Solution 78 


Forhn and h 2 i, short-circuit the output port and let li = 1 A. /= cot2n = 0.6366 . The 
schematic is shown below. When it is saved and run, the output file contains the 
following: 

FREQ IM(V_PRINT1)IP(V_PRINT1) 

6.366E-01 1.202E+00 1.463E+02 

FREQ VM($N_0003) VP($N_0003) 

6.366E-01 3.771E+00 -1.350E+02 

From the output file, we obtain 

I 2 = 1.202Z146.3 0 , V, = 3.771Z-135 0 


so that 


hi 1 = — = 3.771Z -135°, hoi = h = 1.202Z146.3 0 
11 1 1 



For h i2 and h 2 2 , open-circuit the input port and let V 2 = IV. The schematic is shown 
below. When it is saved and run, the output file includes: 

FREQ VM($N_0003) VP($N_0003) 

6.366E-01 1.202E+00 -3.369E+01 

















































FREQ IM(V_PRINT1)IP(V_PRINT1) 

6.366E-01 3.727E-01 -1.534E+02 

From the output file, we obtain 

I 2 = 0.3727Z -153.4°, V, = 1.202Z - 33.69° 

so that 


h 


12 


i 


1.202Z-33.69°, 



0.3727Z-153.4° 


Thus, 


[h] = 


3.771Z -135° Q 
1.202Z146.3 


1.202Z-33.69° 
0.3727Z-153.4° S 
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We follow Example 19.16. 

(a) We set li = 1 A and open-circuit the output-port so that I 2 = 0. The schematic 
is shown below with two VPRINTls to measure V 1 and V 2 . In the AC Sweep box, we 
enter Total Pts = l,StartFreq = 0.3183, and End Freq = 0.3183. After simulation, the 
output file includes 


FREQ 

VM(1) 

VP(1) 

3.183 E-01 

4.669 E+00 

-1.367 E+02 

FREQ 

VM(4) 

VP(4) 

3.183 E-01 

2.530 E+00 

-1.084 E+02 


From this, 

z n = V 1 /I 1 = 4.669Z-136.771 = 4.669Z-136.7 0 
Z 21 = V 2 /I 1 = 2.53Z-108.471 = 2.53Z-108.4 0 . 



MAG=yes 

PHASE=yes 


(b) In this case, we let I 2 = 1 A and open-circuit the input port. The schematic is 
shown below. In the AC Sweep box, we type Total Pts = l,StartFreq = 0.3183, and 
End Freq = 0.3183. After simulation, the output file includes 
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To get Zn and Z21, we open circuit the output port and let li = IA so that 
Vi Vo 

z ll- — - V T Z 21 - — - v 2 

The schematic is shown below. After it is saved and run, we obtain 
z n = V, = 29.88, z 21 = V 2 = -70.37 

Similarly, to get Z 22 and z )2 , we open circuit the input port and let I 2 = IA so that 

Vi V 9 

z 12-~- v T z 22 - — - v 2 

x 2 l 2 

The schematic is shown below. After it is saved and run, we obtain 
z 12 = Vt = 3.704, z 22 =V 2 =11.11 

Thus, 


[z] = 


29.88 3.704 

-70.37 11.11 


Q 
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(a) We set Vi = 1 and short circuit the output port. The schematic is shown below. 
After simulation we obtain 

yii = li = 1.5, y 2 i = h = 3.5 



(b) WesetV 2 = 1 and short-circuit the input port. The schematic is shown below. 
Upon simulating the circuit, we obtain 

y 12 = 1 1 = -0.5, y 22 = h = 1.5 


[Y] = 


1.5 -0.5 

3.5 1.5 
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We follow Example 19.15. 

(a) SetV 2 = Oandlj = IA. The schematic is shown below. After simulation, we 
obtain 

h„ = Vj/1 = 3.8, h 2 i = I 2 /l = 3.6 



(b) SetVi = IVandIi = 0. The schematic is shown below. After simulation, we 
obtain 

h 12 = Vj/1 = 0.4, h 22 = I 2 /l = 0.25 

3.8 Q 0.4 ' 

3.6 0.25 S 


Hence, 


[h] = 
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To get A and C, we open-circuit the output and let T = IA. The schematic is shown 
below. When the circuit is saved and simulated, we obtain Vi = 11 and V 2 = 34. 

A = — = 0.3235, C = i = — = 0.02941 
V 2 V 2 34 

Similarly, to get B and D, we open-circuit the output and let li = IA. The schematic 
is shown below. When the circuit is saved and simulated, we obtain Vi = 2.5 and I 2 
= -2.125. 

B = = 1.1765, D = = —-— = 0.4706 

I 2 2.125 I 2 2.125 


Thus, 


0.3235 

1.1765 Q] 

[T] = 

0.02941 S 

0.4706 
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(a) Since A = —- and C = — , we open-circuit the output port and let V 

^2 ! 2 =o ^2 i, = o 

= 1 V. The schematic is as shown below. After simulation, we obtain 

A = 1/V 2 = 1/0.7143 = 1.4 
C = I 2 /V 2 = 1.0/0.7143 = 1.4 



(b) To get B and D, we short-circuit the output port and let Vi = 1. The schematic is 
shown below. After simulating the circuit, we obtain 

B = -Vi/12 = -1/1.25 = -0.8 

D = -I 1 /I 2 = -2.25/1.25 = -1.8 


1.4 
1.4 S 


-0.8Q 

-i.8 


Thus 


A B 
C D 
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(a) 


V 

Since A = —-| 

V, 


I 9 =0 


and C = — 

V, 


, we let V i 


i 2 =o 


1 V and 


open-circuit the output port. The schematic is shown below. In the AC Sweep box, we 
set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After simulation, we 
obtain an output file which includes 


FREQ IM(V_PRINT1) 

1.592 E-01 6.325 E-01 


IP(V_PRINT1) 
1.843 E+01 


FREQ VM($N_0002) 

1.592 E-01 6.325 E-01 


VP($N_0002) 
-7.159 E+01 


From this, we obtain 


A = 



-= 1.581Z71.59° 

0.6325Z-71.59 0 


C = 


V 2 


0.6325Z18.43 0 = 1Z9QO 
0.6325Z-71.59° 


= j 





(b) Similarly, since B = — and D = —- , we let V i = 1 V and short- 

2 V 2 =0 2 v 2 =0 

Circuit the output port. The schematic is shown below. Again, we set Total Pts = 1, Start 
Freq = 0.1592, and End Freq = 0.1592 in the AC Sweep box. After simulation, we get 
an output file which includes the following results: 


FREQ IM(V_PRINT1) IP(V_PRINT1) 

1.592 E-01 5.661 E-04 8.997 E+01 

FREQ IM(V_PRINT3) IP(V_PRINT3) 

1.592 E-01 9.997 E-01 -9.003 E+01 

From this, 

B = - — =---= -1Z90° = -j 

I 2 0.9997Z -90° 


_ I| _ 5.661xl0 -4 Z89.97° 
I 2 _ 0.9997Z-90 0 


5.561x1o -4 


'A Bl _ |"l.581Z71.59° -jQ 
_C üj “ L J S 5.661xl0 -4 
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I V 

(a) By definition, gn = — , g 2 i = — L 

1 i 2 =o 2 i 2 =o 

We let Vi = IV and open-circuit the output port. The schematic is shown below. After 
simulation, we obtain 


gn = li = 2.7 
§2i = V 2 = 0.0 



2 lv,=0 2 lv,=0 

We let I 2 = 1 A and short-circuit the input port. The schematic is shown below. After 
simulation, 


g 12 = II = 0 
g22 = V 2 = 0 

[g] = 


Thus 


2.727S 0 
0 0 
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(a) Since 


V, 


[,=0 


and c = —| 

V, 


i, =o 


we open-circuit the input port and let V 2 = 1 V. The schematic is shown below. In the 
AC Sweep box, set Total Pts = l,StartFreq= 0.1592, and End Freq = 0.1592. After 
simulation, we obtain an output file which includes 


FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

5.000 E-01 

1.800 E+02 

FREQ 

VM($N_0001) 

VP($N_0001) 

1.592 E-01 

5.664 E-04 

8.997 E+01 

From this, 

ç\ — 

1 -176S/- 

-8Q Q7° 


5.664x10 Z89.97° 


c 


0.5Z180° 

5.664x HZ 4 Z89.97 0 


-882.28Z-89.97° 



(b) Similarly, 


b= 

I, 


Vi=0 


and d = -^| 

I 


Vi=0 


We short-circuit the input port and let V 2 = 1 V. The schematic is shown below. After 
simulation, we obtain an output file which includes 


FREQ 


IM(V_PRINT2) IP(V_PRINT2) 




1.592 E-01 5.000 E-01 


1.800 E+02 


FREQ IM(V_PRINT3) IP(V_PRINT3) 

1.592 E-01 5.664 E-04 -9.010 E+01 


From this, we get 

b =- \ - = —j 1765 

5.664x10~ 4 Z-90.1° 


0.5Z180° 

5.664x10“ 4 Z -90.1° 


j888.28 


Thus 


[t] 


- jl765 - jl765Q 

j888.2S j888.2 
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To get Z in , consider the network in Fig. (a). 

R s II h 



yn % +yi 2 v 2 

= y21 ^1 + y 22 Y 2 


(1) 

( 2 ) 


-V 2 

But I 2 =-^—= y 2 i V!+y 22 V 2 

R l 

y = -y2i y i 

2 y 22 + V R L 


( 3 ) 


Substituting (3) into (1) yields 


I, =yn v, +y 12 • 
! _Í A y+ y n Y L 

v y 22 + y l 


-y 21 v I 


3 


vy 22 +i/ R L 3 

3 


J 


Y 


1 ’ 



A y ~ yii y 22 y 1 2 y 2 1 


or 


v,_ y 22 + Y L 

I-i A y + y u Y l 




y 2 i % "*■ y 22 y 2 


i, 


= y 2 l Z in - 


y2 2 y 2 i z „ 

y 22 + y l 


= y 21 Z in + 


' y a +Y L v 

A y +y„Y L A 


f \ 

y 22 

í ' y2lVl 1 

1 1 . J 

v y 22 y l j 


y 2 i 


y 22 y 2 i 

y 22 + Y] 


L J 


A. = 


y 21 Y L 

Ay +yn y l 


From (3) 





_ y^. _ ~ yzi 

= % “y 22 + Y L 


To get Z out , consider the circuit in Fig. (b). 


Ii 


Rs 


+ 

Vi 



J dut 


z 


out 


^2 y 2 i % +y 22 y 2 


But % = -R. Ij 


Substituting this into (1) yields 

=-ynRs I i + yi2 v 2 

(i+yn R s )ii =yi2 v 2 


or 


! y t2 v 2 _-v. 

1 1 + yiiR. R s 

Vi _ -yi2 R s 

v 2 i+y„ R s 


Substituting this into (4) gives 


Z 


out 


y 22 


_L_ 

yi 2 y2i R s 

1 + yn R s 

1+ yn R s 


y22+yny22 R s -y2iy22 R s 


yn + Y s 


A y + y 22 y s 
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v h ie +(h ie h oe -h re h fe )R L 

-72-IO 5 

A =- 

v 2640 + (2640 x 16 x 10 6 - 2.6 x IO' 4 x 72) • 10 5 

-72-IO 5 

Av = 2640 + 1824 = ' 1613 

dc gain = 201og| A v | = 201og(1613) = 64.15 dB 
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Z,, = h. - 


h re h fe R L 

l + hoe R L 


1500=2000- 


10" 4 x 120 R l 
1 + 20 x 10 r ’ R, 


500 = 


12 x 10' 3 
1 + 2x 10' 5 R, 


500 +10 2 R l = 12 x IO' 3 R l 
500xl0 2 =0.2 R l 

R l = 250 kQ 


A„ = 


A„ = 


_ - h fe R L _ 

h ie+( h ie h oe- h re h fe) R L 

_ -120x250xlQ 3 _ 

2000 + (2000 x 20 x 10 6 -120 x IO' 4 ) x 250 x IO 3 
- 30 x 10 6 


A =-r-r = - 3333 

v 2 x IO 3 + 7 x 10 3 


1 l + h oe R l 1 + 20 x 10 6 x 250 x IO 3 


_ R s + h ie _ 600 + 2000 _ 

Z ° ut “ (R s +h ie )h oe -h re h fe “ (600 + 2000) x 20 x IO -6 -10~ 4 x 120 


2600 

Z 0 ut = = 65 kQ 


(c) A v = 


v b v s 


V. = A„V = -3333 x 4 x 10‘ 3 = -13.33 V 
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R =1.2 kQ, 


R L =4kQ 


(a) A t = 


- h fe R L 


h ie+(h ie h oe -h re h fe )R L 

-80x4xl0 3 


A, = 


* 1200 + (1200 x 20 x 10' 6 - 1.5 x 10' 4 x 80) x 4 x 10 3 

-32000 


A, = 


1248 


= - 25.64 This is just the gain for the transistor. If we 


calculate the gain for the circuit we get A t = V 0 /Vb e and V be = 
V s [1.2k/(1.2k+2k)] = 0.375, thus, V A = (0.375)(-25.64) = -9.615. 


(b) A, = 


80 


1 1 + h oe R l 1 + 20x 10' 6 x 4x 10 3 


74.07 


(c) Z in =h ie -h re A I 

Z ; „ = 1200 -1.5 x IO' 4 x 74.074= 1.2 kQ 


(d) Z out = 


R s +h ie 


(R s +h ie )h 0 e -h re hfe 

1200 + 1200 


_ _ _ 2400 

out “ 2400x 20 x IO 6 -1.5 x 10 4 x 80 “ 0.0468 


51.28 kQ 


(a) -25.64 for the transistor and -9.615 for the circuit, (b) 74.07, (c) 1.2 kO, (d) 51.28 
kO 
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Due to the resistor R E = 240 Q, we cannot use the formulas in section 18.9.1. We will 
need to derive our own. Consider the circuit in Fig. (a). 




100(1+ 240x30x10"*) 

1 ~ 1 + 30 x 10' 6 (4,000+ 240) 

A, = 79.18 


( 1 ) 

( 2 ) 

(3) 

(4) 


( 5 ) 


From (3) and (5), 




h fe (l + R E )h oe =h j + . 

l + h oe (R L +R E ) 


Re + h 


( 6 ) 


Substituting (4) and (6) into (2), 

V b =(h ie +R E )I b +h re V c +I c R E 

V c (h ie +R E ) 


v b =- 


í 11 

R 4- 

" h fe (l + R E h oe ) h " 

I ' p 

1 KJ 

_l + h oe (R l +R e ) \ 


+ h r eV c --^R, 

K, 


(h ie +R E ) 


> 1 
< | 

l 

<1 

o 

1 

f 1 ^ 

D j_ 

" h fe (l + R E h oe ) h " 


XV p 1 

1 KJ 

l + h oe (R L +R E ) fe _ 


, R E 

+ h- 

R 


^ (7) 


From (5), 


(4000 + 240) 


240 + 


V 


30xl0^ 6 


100(1 + 240x30x10 6 ) 


1 + 30x10 6 x4240 


-100 


+ 10 4 - 


— = -6.06x10 3 +10 4 - 0.06 = -0.066 
A„ 


A, = -15.15 


I = 


1 + h R. 

oe L 


We substitute this with (4) into (2) to get 

V b = (h ie + R E )I b +(R e _ 
V b = (h ie +R E )I b +(R e - 


hreRJIc 


h re R L ) 


h fe a + R E h oe ) 
v l + h oe (R l +R e ) 



V L = h +R , h fe (R E -h„R L )a + R B h oe ) 
I b 16 E l + h oe (R L +R E ) 

( 8 ) 


Z,, 


= 4000 + 240 + 


(100)(240 x 10 4 x 4 x 10 3 )(1 + 240x30xl0~ 6 
1+30x10 6 x 4240 


Z in = 12.818 kQ 


240 

4000 



To obtain Z out , which is the same as the Thevenin impedance at the output, we introduce 
a 1-V source as shown in Fig. (b). 





(h oe /h fe ) 


Rs +R e +hj, 

l + R E hoe 


-h 


Rb +(R s +R e + h ie )/h f 


R E hfe +R S +R e +h i( 


Ic 

R s +R e +h ie 

h - 

_ V» h 


l + R E h oe 

^oe 

n re n fe 


Z. ==■ 


240 x 100 + (1200 + 240 + 4000) 


1200 + 240 + 4000 
1 + 240x30xl0~ 6 


x 30 x 10‘ 6 -10' 4 x 100 


24000 + 5440 
out 0.152 
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We apply the same formulas derived in the previous problem. 


1 _ (h ie +R E ) 


A v ‘ 

r R + M 

h fe (l + R E h oe ) h " 


l h oej 

_l + h oe (R L +R E ) fe _ 


+ h 




(2000 + 200 ) 


( 200 + 10 5 ) 


150(1 + 0.002) 
1 + 0.04 


-150 


+ 2.5x10 


-4 


200 

3800 


-0.004 + 2.5 x 10 4 - 0.05263 = -0.05638 


A v =-17.74 


h fe (l + R E h oe ) _ 150(1 + 200x10 5 ) 

1 + h oe (R L +R E )“l + 10- 5 x(200 + 3800) 


-h ie +R E + 


MR E -h re R L )(i + R E h oe ) 
l + h oe (R l +R e ) 


Z =2000 + 200 + (150X200 - 2 - 5x10 ^ 3 - 8x10])(L002) 
m 1.04 

Z m =2200 + 28966 

Z in =31.17 kQ 


R e hfe +R S +R e +h ie 


R s +R E +h ie 

h 

_V» |i 

1 + RAe J 

^oe 

n re n fe 


Z 


out 


200 x 150 +1000 + 200 + 2000 


3200x10 

1.002 


- 2.5 x 10 4 x 150 


33200 

-0.0055 


Z out =-6.148 MQ 



Chapter 19, Solution 94 


We first obtain the ABCD parameters. 


Given 


200 0 
100 IO' 6 


A h — h n h 22 h 12 h 21 — 2 x 10 


[T] = 



- 2 x 10" 6 -2 

-IO' 8 -IO 2 


The overall ABCD parameters for the amplifier are 


- 2 x 10 " 6 

-2 

- 2 x 10 " 6 

-2 


2 x IO" 8 

2xl0 2 " 

-ío 8 

-IO 2 _ 

-10‘ 8 

-IO' 2 J 

— 

io 10 

10 4 


A t = 2 x 10~ 12 - 2 x 10' 12 =0 


[h] = 


B A^ 

D D 

-1 C 

D D 


200 0 
- 10 4 10' 6 


Thus, 


hie = 200 , h re = 0, h fe = -10 


h„„ =10" 


A. 


(10 4 X 4 x 10 3 ) 

200+ (2x10 4 -0) x 4x 10 3 


= 2xl0 5 


Z ,, = h; 


h re h fe R L 

l+hoe R L 


= 200-0 = 


200Q 
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Let Z A 


1 s 4 +10s 2 +8 

y 22 s 3+5s 


Using long division, 

5s 2 +8 

Za_S+ s 3 +5s _SLi + Zb 


i.e. L, = 1 H 

as shown in Fig (a). 


and 


Z B 


5s 2 +8 
s 3 +5s 


Z B 



(a) 


yii = 


1 s 3 +5s 

Z B 5s" + 8 


Using long division, 


Y B = 0.2s + 


3.4s 

9 „ — sCt + Y r 
5s 2 + 8 2 c 


where C 2 =0.2F and 

as shown in Fig. (b). 


Y c = 


3.4s 
5s 2 +8 


Lj 



c 2 


Y c = 1/Zc 


(b) 






1 5s 2 +8 5s 8 1 

Z r — — — + — sLo + 

Y c 3.4s 3.4 3.4s sC 4 

i.e. an inductor in series with a capacitor 

5 3 4 

L 3 = —= 1.471 H and C 4 = — = 0.425 F 
3.4 8 


Thus, the LC network is shown in Fig. (c). 
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i.e. C 4 = 0.383 F 

as shown in Fig. (b). 


2.414s 2 +1 

and Y » = 2.613S' + 2.613S 








1 2.613s 3 + 2.613s 

Y^“ 2.414s 2 +1 


By long division, 


1.53 ls 


Z A - 1.082s + t — s L 3 + Z B 
A 2.414s‘+l 3 B 


i.e. L 3 = 1.082 H 

as shown in Fig.(c). 


and 


1.531s 
2.414s 2 +1 



Y 


B 



— 1.577s + — s C 2 + 

1.53 ls 2 


1 

sL t 


i.e. C 2 = 1.577 F and L, = 1.531 H 

Thus, the network is shown in Fig. (d). 


1.531 H 1.082 H 
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H(s) = 


(s 3 +12s) + (6s 2 +24) 


s 3 +12s 

6s 2 + 24 

1 + ^- 

s 3 +12s 


Hence, 


6s 2 + 24 1 


22 


s 3 +12s sC, + ^ A 


where Z A is shown in the figure below. 


( 1 ) 


Cx C 3 




Wenowobtain C, and Z A using partial fraction expansion. 

6s 2 + 24 A Bs + C 

Let z — + i 

s(s'+12) s s~+12 

6s 2 +24 = A(s 2 +12) +Bs 2 +Cs 

Equating coefficients : 

s°: 24 = 12A -> A = 2 

s 1 : 0 = C 

s 2 : 6 = A + B -> B = 4 

Thus, 

6s 2 + 24 2 4s 

s(s 2 +12) s + s 2 +12 


( 2 ) 



Comparing (1) and (2), 

1 1 

c, = —= -f 

3 A 2 



1 s 2 +12 1 3 

— — s + 

Z A 4s 4 s 


(3) 

Bl " Z A =SC ‘ + SL 2 


(4) 

Comparing (3) and (4), 

1 1 

C, = - F and L 0 = — H 

1 4 2 3 



Therefore, 

C^lSOmF, L 2 = 333.3 mH, 

C 3 = 500 mF 
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A h =1-0.8 = 0.2 

- 0.001 -10 
-2.5xl0“ 6 -0.005 


[T a ] = [T b ] = 


_A h /h 21 -h n /h 2 i 
-h 2 2/h2i — l/h 21 


[T]=[T a ][T b ] = 


2.6xl0“ 5 

1.5xl0“ 8 


0.06 

5xl0' 5 


We now convert this to z-parameters 


“A/C 

A x /C“ 


1.733xl0 3 

0.0267 

1/C 

D/C 


6.667xl0 7 

3.33xl0 3 


1000 li z 11 Z 22 I 2 



v s - (1000 +z^)^ + z 12 I 2 


Vo - z 22^2 + Z 21 I 1 


But V 0 = -I 2 Z L -> I 2 = -V 0 /Z L 


Substituting (3) into (2) gives 


Il=V 0 


1 

Z 21 


+ 


z 22 

z 21 Z Ly 


( 1 ) 

( 2 ) 

(3) 

(4) 


We substitute (3) and (4) into (1) 





V s =(1000 + z u ) 




= 7.653xl0“ 4 - 2.136xl0 -5 = 744|aV 
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Z ab = Zj + Z 3 = Z c II (Z b + Z a ) 

Z c (Za+Z b ) 


z, + z 3 = ^ 2* —- 

1 3 Z +Z.+Z 


Z cd =Z 2 +Z 3 =Z a ll(Z b +Z c ) 
Z a (Z b + Z c ) 


Z, + Z 2 = 


z, + z b + z c 


Z ac = z, + Z 2 = Z b M (Z a + Z c ) 
Z b (Z a +Z c ) 

z, + z, = * ' —é 1 
1 2 z +z, +z 


Subtracting (2) from (1), 


Z b (Z c Z.) 


z, - Z, - 
1 2 z +z„+z 


Adding (3) and (4), 
Z, = 


z b z c 


z a +Z b +Z C 


Subtracting (5) from (3), 

Z 


z a z b 


Z a +Z b +Z C 


Subtracting (5) from (1), 


Z Z 

z 3 =-—— 

3 z..+z„ + z„ 


Using (5) to (7) 


Z,Z 2 + Z 2 Z 3 + Z 3 Z, =■ 


Z,Z, + Z„Z 3 + Z 3 Z, = 


z a z b z c (Z a +z b +Z c ) 
(Z a + Z b + Z c ) 2 

z a z b z c 


Za +Z b +Z C 


Dividing (8) by each of (5), (6), and (7), 




as required. Note that the formulas above are not exactly the same as those in Chapter 9 
because the locations of Z b and Z c are interchanged in Fig. 18.122. 
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Introductory Tutorial (Tut22) 

1. Orange 

2 . 12 

3. 3.14159 

The Physics of Electricity (TutlA) 

1. 36000 

2. 32.04 

3. 60 

4. 4.32 

5. 18000 

Basic Elements and Circuit Laws (Tutl) 

1. 3 

2 . -2 

3. 50 

4. 50 

5. -60 

6. Answerless page 

Resistors in Series and Parallel (Tut2) 

1. 4 

2 . 1 

3. 10 

4. 17 

5. 11 

6. Formula: RlxR2/(Rl + R2) + (R3 + R4)xR5/(R3 + R4 + R5) + R7 

Voltage Dividers and Current Dividers (Tut2A) 

1. 40 

2. 160 

3. 12 

4. 20 

Circuit Solving with Kirchhoffs Laws (Tut3) 

1. 3 

2 . 2 

3. 3 

4. 5 

5. 4 

6 . 6 

7. 16 

8. V9 



9. Answerless page 


The Node Voltage Method (Tut4) 

I. a 
2- g 

3. -6 

4. 5 

5. 4 
6- g 

7. 9 

8. Ve 

9. 0 

10. Answerless page 

II. -2 
12.4 

13. Answerless page 

14.14 

15.14 

16. Answerless page 

The Mesh Current Method (Tut5) 

1. c 

2 . -2 

3. -4 

4. -2 

5. Ib 

6. 3A 

7. Ia 

8. Answerless page 

9. 5 

Thevenin Laboratory (Tut6) 

1. Formula: 1000xVocxVr/[Rx(Voc - Vr)] 

Maximum Power Transfer (DC) (Tut6A) 

1. Formula: R2xR3/(R2 + R3) 

2. Formula: ExR3/(R2 + R3) 

3. Formula: VT 2 /(4xRT) where VT = ExR3/(R2 + R3) 

Superposition (TutóB) 

1. 2 

2. 5 

3. -3 

4. 4 


Inductors and Capacitors (Tut7) 



1. 0.8 

2 . 0.2 

3. 0 

4. 12t 

5. -20e-4t 

6. 16cos(8t) 

7. -80 

8. 9.79992 

9. 3t 

10. 2t3 

11. -1.25e-4t 

12. -0.25cos[8t] 
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First Order Systems (Tut8) 

1. 0 

2 . 0 

3. 120 

4. 600 
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8 . 0 
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11.0.45 
12.-200 

13. -200 

14. 40 

15. 450 
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11. over 

12. -2683 

13. Al 

14. -A2 

15. s 

16. 3.0148 
17.188 

18. 1.297 
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The Properties of Sinusoids (TutlO) 

1. 86 

2. -170 

3. 220 

4. 23.4 

5. -220 

6. 440 

7. 0 

8. 155.6 

9. -67 

10. 50 
11.7.958 

12. 125.7 

13. 24.2 

Root-mean-square (TutlOA) 

1. 212 

2. 50 

3. 40 

4. 0 

5. 3 

6 . 10 

7. 2500 

8 . 0 

9. 5 

10. -150 

11. 25000 
12.450000 
13.900000 

14. 466667 
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1. -1 
2 . -1 
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4. 85.9 

5. 383 

6. 321 

7. 655 

8. -459 

9. 85 

10. -47.86 

11. 138 

12. 141.5 

13. 92 

14. 35 

15. -15 
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19. Formula: The equation is in the form M/9 = (-5 + iA)(B /-152 °) - (C - jl00)/(2/D°). The 
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V(X 2 + Y 2 )where 

X = V(5 2 + A 2 )xBxcos[arctan(-A/5) + 28 o ] - ( V(C 2 + 100 2 )/2)xcos[arctan(-100/C) - D] 

Y = V( 5 2 + A 2 )xBxsin[arctan(-A/5) + 28 o ] - ( V( C 2 + 100 2 )/2)xsin[arctan(-100/C) - D] 

AC Circuits (Tutll) 

1. 98 

2 . 120 

3. 140 

4. -125 

5. 25 

6. 30 

7. 14.97 

8 . 200 

AC Power (Tutl2) 

1. 378 

2. 466 

3. 441 

4. B 

5. 0 

6. 466 

7. 578 

8. .779 

9. 3373 

10. D 

11. B 
12.166 
13.2732 



Maximum Power Transfer (AC) (Tutl2A) 

1. Formula: IZ1I 2 xR/(R 2 + IZ1I 2 ) 

2. Formula: -(R 2 xIZ 1I - R 2 xlZ2l - IZ1 l 2 xiZ2l)/(R 2 + IZ1I 2 ) 

3. Formula: |E|xR/V R 2 + IZ1I 2 

4. Formula: Divide the result from page 3 by twice the result from page 1. 

5. Formula: Square the result from page 4 and multiply by the result from page 1. 


Balanced Three-Phase Circuits (Tutl3) 

1. 133.3 

2 . 866 

3. 866 

4. 173.2 

5. 200 

6. 346.4 

7. 400 



